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Welders’ distribution boxes 


for 
multi-operator 
welding 


installations 


A new and improved range at no extra cost 


The range of ‘ENGLISH ELECTRIC’ distribution boxes has been 
completely restyled. They are robustly built, pleasing in 
appearance and can easily be fitted at convenient working 
height on walls and other structures. 
These greatly improved distribution boxes are available in 
the following sizes :— 

450 amp 1, 2, 3 and 6 way 

700 amp | and 3 way 


All boxes comply with the requirements of BS.638/1954. 





Send for particulars in publication WA/116 to: 

The English Electric Company Limited, 

WELDING EQUIPMENT DIVISION 

Clayton-le-Moors, Accrington, Lancs. Tel: Accrington 33241 


WELDING PLUGS AND SOCKETS / 


A comprehensive range of ‘ENGLISH ELECTRIC’ welding plugs and sockets F i 
is available and attractive discounts can be quoted 
for quantity orders. 


for better welding 


The English Electric Company Limited, English Electric House, Strand, London, W.C.2 


WA.43 


Inside front cover 





VERTICAL 
WELDER 


A new conception in vertical 
welding, the Vertomat will have 
wide application in the building of 
oil tanks, shipbuilding and 


general engineering. 


@ Costly plate preparation 
eliminated. 


@ All welding by single 
pass—inter-pass 
de-slagging and chipping 
eliminated. 


Accurate plate alignment 
not essential. 


High thermal efficiency 
materially reduces power 
consumption. 


Light, easily handled 
equipment. 


Power source by normal 
D.C. welder. 


Very high rate of 
deposition—up to 38 
pounds per hour. 


a Ace 
™s 
} ’ ~ 
} 
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ROCKWELD™ 


COMMERCE WAY - CROYDON - SURREY - TEL: CROYDON 7161 
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GOLD STAR 300 SERIES 
Seven welders in one cabinet! 


D.C. Metallic Arc 


D.C. Inert Gas (manual) 


D.C. Inert Gas (automatic) 


A.C. Metallic arc 


A.C. Inert Gas (manual) 


A.C. Inert Gas (automatic) 
D.C. Inert Gas (Spot welding) 


GOLD STAR SR SERIES 


for 

Metallic arc welding 
Metallic inert gas welding 
Tungsten inert gas welding 
Tungsten inert gas Spot 
welding 

Submerged arc welding 
Arcair cutting and gouging 


GOLD STAR SRH 
ALL-WEATHER DC WELDERS 


Easy arc starting and arc 
stability 

X-ray quality welds 
Parallel operation where 
needed 

Increased efficiency over 
motor generator sets 


for every 
welding process 


WELDERS 


Whatever welding process you may 
use, a Miller power source will give you 
a wider infinitely adjustable current 
range and a host of built-in features 
essential to clean X-ray welds. 

Over 100 models cover all require- 
ments. In one machine alone you can 
have an output as low as } amp yet as 
high as 300 amps; and inert gas welders 
can incorporate high frequency, crater 
elimination, gas and water controls 
and other features IN ONE CABINET 
to obviate having a collection of sep- 
arate items with their trailing cables. 
As well as these unchallengeable design 
features, initial costs are lower than 
you might imagine, and the machines 
will give trouble-free service for many 

ears. 

If this all sounds too good to be true, 
your first Miller installation will con- 


vince you that our claims are fully 
justified and that they are undoubtedly 
the world’s finest welders. 


SIGMA WELDERS WITH 
CONTROLLED SLOPE 


Improved design Provides 
Controlled Slope 
PLUS 


TIG and Metallic Arc Welding 


with SIGMA-3cs MILLER 


you know 


iTS THE FINEST 
OVER 100 MODELS AVAILABLE 


AMPTHILL: BEDFORD: Tel: Ampthill 3340 


WELDING SERVICES LTD., 14-16 AMIENS STREET, DUBLIN. Tel, Dublin 47051 


INTERLAS LTD.. 


REPRESENTATIVES IN EIRE 
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The INVICTA range of Electrodes covers most 


arc welding applications, and is in world-wide service throughout 


the shipbuilding and engineering industries. By choosing 





a specifically designed INVICTA Electrode, you can be sure 


of a perfect arc welding job every time 








“GENWAY’ ELECTRODES 


High quality, general purpose Electrodes 
for welding in all positions. Easy manipula- 
tion on wide range of joints. Readily 
removable slag from fillet welds exposes 
perfectly clean weld metal free from 
undercut. 


‘SPEEDWAY’ ELECTRODES 


Most economical due to fast running at 
comparatively low currents with very 
good penetration. Excellent for general 
engineering work, simple operation and 
easy slag removal. 





APPROVALS 


The Admiralty (all gauges mild steel). 
Ministry of Transport. 


Lioyd’s Register of Shipping (United 

with British Corporation Register). e ec ro es 
Complies with B.S.S.639/ 1952. 

WORWEGIAN 


Det Norske Veritas—all positions 
Also for welding ‘W' and ‘WW' 
quality steels. 
Full details gladly sent on request. 


INVICTA ELECTRODES LTD. BILSTON LANE WILLENHALL, STAFFS. 
Telephone: James Bridge 3131. Extension: 308. 


Member of the Owen Organisation 
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This machine, which carried out 
the work shown above, is a 250 
ton pin type model: when heavy 
press work is required a steel table 
is available for fitting over the pin. 


is the work of a 


HUGH SMITH 


HORIZONTAL PRESS 


These horizontal bending and straightening presses are 
made in sizes from 150 to 600 tons. Full length guiding, 
independent of the hydraulic ram, provides a long stroke 
and permits a wide range of work to be done. 


A leaflet is available on request 


HUGH SMITH (GLASGOW) LTD 


HAMILTONHILL ROAD, POSSILPARK, GLASGOW, N.2 
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DEPENDABILIT 
{ ow | 
RADIOCHEMICALS 


oe 


AK) 
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BETTER DEFINITION— 
SHORTER EXPOSURES 


with improved iridium-192 radiographic sources 


Iridium-192 sources are in common use for radiographic inspection of materials 
in the thickness range 10 to 50 grams/cm2, for example steel of 4 inch to 24 inches 
Sources with greatiy increased specific activity are now being produced, 

resulting in improved definition and reduced exposure times. Sizes and strengths 


available are: 





Code Sources size mm Maximum activities available Price 





ICC 05 0.5 x 0.5 1 curie £1 per 100 me 
il 1.0 « 1.0 4 curies £5 per curie 
22 2.0 x 2.0 20 curies £3 per curie 
44 4.0 « 4.0 100 curies £2 per curie 
66 6.0 « 6.0 150 curies £2 per curie 




















All sources are supplied in British Standard Radiographic capsules. 
Full details of these and of other sources suitable for gamma radiography 
are available on request. 


THE RADIOCHEMICAL CENTRE 


World centre for dependable radiochemicals 
ISOTOPE PRODUCTION UNIT A.E.R.E., HARWELL, DIDCOT, BERKS. 


Telephone: Abingdon 1220 Ext. 2806 Telex: Isotope Harwell 83153 


Telegrams & Cables: Isotopes Aten Abingdon Telex 





TAS RC.78 


NOVEMBER, 1961 5 





The only book of its kind available in this country, it enables the 
welding engineer to apply the metallurgist’s knowledge to welding 
techniques . . . and the metallurgist to relate his own 

experience to the requirements of the welding 


engineer. 


“Welding and Metal Fabrication” 
their review of this book (August 1961) said: 


“THIS BOOK UNDOUBTEDLY 
REPRESENTS A MOST USEFUL 
CONTRIBUTION TO WELDING 
LITERATURE AND ACHIEVES 
LARGELY WHAT IT SETS OUT TO 
DO; NAMELY, TO GIVE A CONCISE 
YET THOROUGH SURVEY OF THE 
PRACTICAL AND METALLURGICAL 
ASPECTS OF ARC WELDING"’ 


Priced at 30/-, 

it is a MUST for everyone 

interested in arc welding. An admirable 
combination of theory and practice - 196 pages, 
with 119 illustrations and numerous tables, clearly 


and concisely presented. 


write TODAY for your copy to 


S/A\ GILLINGHAM: KENT 
LTD. 
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di * ANOTHER NEW FLASH WELDER % yg 











... this time... 








VERSATILE GENERAL PURPOSE WELDER 
TO INCREASE OUTPUT 
AND LOWER PRODUCTION COSTS 


FOR WELDING — 


e Aluminium and 
Steel Rod 


@ Steel Strip 
e Steel Shafted 


Shovels 

@ Rim Embellishers 
and Rings 

e@ Gear Shift 


Levers 


e Tubular 


Assemblies 


etc., etc. 


A.l. TYPE PHF/14 AUTOMATIC 
FLASH BUTT WELDER 


————_ 


SPECIAL AND GENERAL PURPOSE WELDING MACHINES FOR 
MANY APPLICATIONS SUPPLIED TO WORLD MARKETS 


>. 


A.Il. ELECTRIC WELDING MACHINES LTD. 


GROVE HOUSE, SUTTON NEW ROAD, BIRMINGHAM, 23. Telephone: Erdington 1176. Telegrams: AIWELDS, B’ham 
Works: INVERNESS, SCOTLAND 
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SPRAY- 


MODERNISED geinaning 


Stellite 
powder being 


HARDEACING... ; sprayed on 


components prior 
to fusion by the 

The introduction of “Stellite’’ powder in — 
1957 made possible the depositing of 
cobalt base alloys by the spray-fusing and 
powder welding techniques. These pro- 
cesses are an economical and extremely 
fast means of protecting components 
subjected to conditions of heat, abrasion ; 
and corrosion with the ‘‘Stellite’’ cobalt- a aber POWDER 
chromium-tungsten range of alloys. A 5 } Be a 


smooth surface finish and sound metal- powder being 


lurgical bond is produced and the ; prayed ond 
P 7. Fie? multaneously 
processes are ideal for hardfacing a wide ; , mee 86 fused by a 


variety of wearing parts with ‘‘Stellite , Jj ee . powder welding 


DELORO STELLITE LIMITED - HIGHLANDS ROAD - SHIRLEY - SOLIHULL ' "WARWICKSHIRE 
DELORO STELLITE DIV. OF DELORO SMELTING & REFINING CO. LTD. BELLEVILLE - ONTARIO - CANADA 





The world’s foremost 


metal spraying specialists 


LZ a4 ‘ 7 J SS 


ty Yip é a" 
Le nT Cae — MiNi’ ssa NN) 


The Forth Road Bridge. 

Consulting Engineers: Messrs. Mott, Hay & Anderson and 
Messrs. Freeman Fox & Partners 

Contractors for the Superstructure: The A.C.D. Bridge Co. Ltd 


The new Forth Road Bridge is being protected 
by the metal spraying process and 
Metallisation has designed the special 
equipment for this major project. 


Pe. 
y ai . os ——— PS | 
METALLISATION LTo.. PEAR TREE LANE, DUDLEY, WORCS. Telephone: 52523/4 
London: 171 Palace Chambers, Bridge Street, London §S.W.1. Telephone: Whiteha// 2868 
Scotiand: Metailisation (Scotiand) Ltd., Ballochmill Road, Rutherglen. Telephone: Rutherglen 1956 
W.E. Coast: Portrack Grange Road, Stockton-on-Tees. Telephone: 64585 


M-w.iél 








SPRAYING 





Combat 


CORRQSI Mp’ 


with a 
fast coat 


A BERK protective coat is a fast protective coat. The SERVICE is fast, the PROCESS is 
fast and, once applied, the coat HOLDS FAsT—wherever the job, whatever the job. 


BERK experts can advise m BERK metal and plastic coatings m BERK equipment for every purpose 
you on your problem— are designed for virtually from corrosion prevention to powder 
our fine laboratories every type of base you can name welding is of the latest design. 


are unrivalled. BERK plant of every kind BERK protection can be provided by 
BERK craftsmen can serve (including complete shot-biast coating of Nylon and Polythene; zinc, 
you on site—or through and metal spray units) can be aluminium and Berkalloy spraying; and 
one of our jobbing shops. bought, hired or rented. epoxy, vinyl and other paint treatments 


F.W. BERK & CO. LTD. Coating Division 


Brent Crescent, North Circular Road, London NW10 Works at LONDON and MANCHESTER 





GOOD NEWS FOR MAINTENANCE ENGINEERS ... 


Tooth worn 
approx Vd 


...a9-fold increase. 
in life-at + cost- 
by using 
COLMONOY No.6 


Apart from improved performance obtained hard-surtacing rod 


from a reclaimed conveyor drive sprocket (Colmeney fe. 6) 





exposed to coal dust abrasion, the low 








co-efficient of friction of Colmonoy No. 6 has 
led to a cut in chain maintenance costs. 


' . ‘ . Above: Tooth wears or 
Application of these nickel-base, abrasion ; ~ a aca 


: , driving side 

and corrosion resistant alloys can be made by 

oxy-acetylene or arc-welding or by the Top left: Application of 

Spray weld Process. Colmonoy to steel plate 

= : : . sprocket using oxy-acetylens 
rhe reclaimed sprocket can be used as welded ueitinn 

because the smoothness of application gives 

easy, accurate control of the contour. Bottom left: Checking tooth 

, contour. Reshaping is 


Write for literature, Data Sheets etc., advising HARD SURFACING possible if the profile does 
us of your particular interests. & BRAZING ALLOYS not match the template 


*%WALL COLMONOY (CANADA) LTD., 68a WIGMORE STREET, LONDON, W.1. Tel: HUNter 2461 




























































































Nat 10 be overiookec 


Oerlikon welding electrodes are manufactured in: 


Switzerland 
Argentina Germany Philippines 
Austria Gt. Britain Spain 
Chile Greece Sweden 
Colombia India Turkey 
Finland Italy USA 
France Japan 

Mexico 

Pakistan 

Peru 


Welding Electrode Division, Oerlikon Machine Tool Works Buehrle & Co, Zurich 50/ Switzerland 
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Specialists 

in welding 

alloy steels 

elale male) anni: acelels 
metals 





Welded 

if lelaler-baleya) 

Fale miti-tielamm’i:)ie1:1e| 
pressure vessels 
to Lloyds Class 1 
ASME, AOTC codes 
and similar 


specifications 


Fan 
is 


wh: 


NOVEMBER, 196! 


JENKINS 


of Rotherham 
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THE NEW AEI ARC WELDING GUIDE 


SEND FOR YOUR FREE COPY NOW 


This 64-page AEIl arc we.oine cuive is packed with information of 


importance to all who are concerned with welding. It is provided 
with a handy ‘thumb-guide’ index and contains the fullest data on 


the use and care of electrodes. It also includes Conversion Tables 


and other sections of general interest. Send for your copy now. 


Associated Electrical Industries Ltd 


HEATING AND WELDING DEPARTMENT TRANSFORMER DIVISION 


TRAFFORD PARK, MANCHESTER 17 


uwior 
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revolutionary concep 
submerged arc welding 
FULLY AUTOMATIC WELDING 
GUIDED BY HAND... _ 


rd 


Ps 


IDEALARC 


TRADE MARK 


mechanized 


SQUIRT 
WELDER 


..2++ TWICE as fast as 
manual welding 


The “Squirt” offers you the combined advantages of 
automatic submerged arc welding with the versatility 
of manual electrodes. For the first time a semi-auto- 
matic welder has automatic travel, flux and wire feed 
mechanisms in addition to controlled arc voltage and 
welding current. Simplicity itself to operate—just set the 
current and voltage, preset the travel speed of the gun, 
line up the joint, place the gun.in position and push 
the trigger. 


THE RESULT—HIGH SPEED 
HIGH QUALITY 
SUBMERGED ARC WELDS 


REDUCES COSTS! 

. 
IMPROVES QUALITY High Operating Factor, the automatic feed of Electrode and flux enables 
Consistent welds equa! to those made with fully automatic continuous welding of hundreds of feet. It gives deeper penetration, 
equipment, and approved by Lloyds. The “Squirt” with using minimum weld metal, the automatic travel guarantees consistent 


“Idealarc” alloy fluxes welds all alloy steels. weld, eliminates scarfing and reduces waste. It has low flux consumption 


and a versatility of application. 
For further details write to :— 


ARM C2 > 76 GROSVENOR STREET, 


LIMITED LONDON, W.1. | Tel: HYDe Park 9711 
SOLE DISTRIBUTORS IN THE U.K. FOR 





THICK PLATE RADIOGRAPHY AND MOBILITY 


Pantak proudly introduce the 
Siemens 18 MeV Mobile 
Betatron. This new industrial 
radiography unit makes it 
possible for the first time to 
examine on site thicknesses of 
mild steel up to 12 in. In 
addition its ultra fine focus 
(0-3 mm.) results in sensitivities 
unobtainable with conventional 
equipment and enables the 
Betatron to be used for 
enlargement radiography a 
combined Pantak/Siemens 
development which makes 
crack detection in thick welds 
entirely practicable. Please 
write for full details and reports 
of practical tests carried out 
on specimen welds. 


PANTAK LIMITED [aummamaneeatiage 











oa FOR MOST TYPES OF PROJECTION WELDING 


a, 
ba 2 p> 5) Oe 


b'. © Oe = Keke hwy 


PRODUCTION 








the popular THS 20/1 type in 


55 reguiar STOCK sizes. 
}° to 2°: 5 diameters in UNC. UNF. 2BA. BSF. WHIT. LARRRAKKRA 


Deliveries also offered in 
15000 up Lots of Type THS 201A. 
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omatically - (ESAB) 


The E S 5 machine 


shown alongside is 


wee ON LY F 
PORTABLE — 
WELDER 


The welding head weighs 
less than 100 Ibs.— 

and can therefore be 
taken to the work. 








electro-slag 


Constructed to the specification as devised 


and perfected by Prof. Boris Paton of the 3 
» TELEPHONE 


> WEST BROMWICH 
ESAB ESS is capable of welding steel 0667— 


Russian Institute bearing his name, the 


plates 2” to 34” thick, vertically, in| pass. Each we will arrange 


machine is equipped to make a demonstration 
for you. 


PPOCOOG EO 49% 


vertical fillet and butt joints. 


A Dp) MACHINE DIVISION PARK LANE INDUSTRIAL ESTATE, 
D HANDSWORTH - BIRMINGHAM - 21 
‘Phone: West Bromwich 0667 & 0668 ‘Grams: ESABOK / Birmingham 
Telex : ESABOK / B’ham 33525 


LIMITED 
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SPRITE BY SATURN 


The Sprite is a precision-built single stage regulator, made to the exacting standards of all Saturn 
equipment, and able to stand up to really rough handling. Maximum working pressures: 


OXYGEN 100 Ibs. p.s.i. 
ACETYLENE 15 Ibs. p.s.i. 


PROPANE 20 Ibs. p.s.i. 


[he Saturn Sprite is piston-operated for trouble-free service and safety; quick and easy to operate. 


For equipment and gases and service—see Saturn! 


SATURN INDUSTRIAL GASES LIMITED 

‘Eri Wood’, Windlesham, Surrey 

Telephone: Bagshot 2441 

Branches : SOUTHALL, GLASGOW, ALDRIDGE, MANCHESTER 

LYMINGTON, SUNDERLAND, THORNABY-ON-TEES, SHEFFIELD. 
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Goodwill can’t take a beating 


110kVp 


ening = No one can afford an inspection system that 
S Kadiograpnu 


Unit allows a faulty component to pass undetected. 


Marconi Industrial X-Ray apparatus provides the answer. 


A comprehensive range of static, mobile and portable 
equipment has been developed to meet the needs of industry, 
including units suitable for microradiography, for 
radiographic examination of castings and seam welds in 

steel plates up to four inches thick, and for the direct visual 
inspection of small parts by X-ray fluoroscopy. ‘Time and 
money are saved by X-ray inspection before costly finishing 
processes begin, and your reputation is safeguarded in 


a product free from hidden flaws. 


175 kVp Transportable Apparatus 90 kVp Apparatus 


250 kV Apparatus 


Marconi engineers will be glad to 
advise you on the selection of suitable 
equipment, and they will provide 

you with excellent installation and 
after sales service. Write today 

for Marconi’s new booklet— 
Electronic Equipment for Industry 


MARCONI INSTRUMENTS LTD. at your nearest office. 


London & the South Midlands North Export Department 


Please address enquiries to: 


English Electric House, Marconi House, 24 The 23/25 Station Square Marconi Instruments Led. 
Strand, London, W.C.2 Parade, Leamington Spa Harrogate. St. Albans, Herts 
Tel: COVentGarden! 234 Telephone: | 408 Telephone: 67455 Tel: St. Alba~< 59292 
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ne 


for cutting and profiling 


MILNE ‘VIC’ 


Prepares pipes 
automatically 
Pipe profiling and bevelling 





machine. Automatically prepares 


pipes ready for welding 


MILNE ‘COMET 


Cuts in every 
direction 


For full information write to:— 


Profiling machine with 


electro-magnetic roller of = —_ i. >. M LN E 
the elbow arm type . L = & Co ‘mae 


MILNE ‘CREEPER 


For straight lines 
and circles 
Designed for straight and 
circle cutting with 


forward and reverse motion 
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IGNITRONS 





AE! ELECTRONICS DATA SHEET 
Subject IGNITRONS — RATINGS 


Welder types 





: Maximum average* 
. * 
Types om “tae anode current 


(Amps.) 


Temperature 
control 





BK 22 450 15 ~- 
BK 24 1200 140 - 

BK 24A 1200 140 Integral 
BK 24B 1200 140 Clamp on 
BK 34 2400 355 — 
BK 34A 2400 355 Integral 
BK 34B 2400 355 Clamp on 
BK 42 600 56 — 

BK 42A 600 56 Integral 
BK 42B 600 56 Clamp on 
BK 66 300 22-4 - 





























* Ratings are for welder control service, with two valves in inverse 
parallel at any voltage from 250-600v. r.m.s. 

Associated Electrical Industries 

manufacture the widest range of 

ignitrons in the United Kingdom — 


Rectifier types 





Ma , agec 
Type Maximum peak voltage ey x age + hee 
. . — . >. ) , Bg r age 
moreover all AEI ignitrons are inter (Kilo volts) tage) 


hanmeatic wi > corresponding 

changeable with the cc p BK 44 4 75 
American types. Whatever the job, BK 46 I 150 
from the AEI lists you can select the BK 56 + 20-1 150 














right valve. t Tentative ratings. 


Write for Leaflet 5851-8 





ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 


LINCOLN, ENGLAND 





ELECTRONIC APPARATUS DIVISION 


A.5447 
19 
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In the world of welding 
the world uses 
Yates Plant 


Baker Perkins Ltd, Yates Plant Department 
Bedewell Division - WHebburn-on-Tyne - Co. Durham ~- Tel: Jarrow 897124 
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THE BRITISH WELDING RESEARCH 
INSTITUTE OF WELDING ASSOCIATION 


54 Princes Gate, London, $.W.7 19 Fitzroy Square, London, W.1 
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A Note on the Welding Behaviour 
of Niobium and Vanadium 


By R. D. Johnston, B.SC., A.A.M., A.M.AINST.W. and L. W. Derry, B.SC., M.SC., F.1.M. 


The authors give a preliminary explanation for a phenomenon experi- 


enced in the welding of 


Nh sheet to | 


sheet. The weld-parent metal 


interfaces were in the form of long ‘tongues’, and the shape was affected 
by the welding current and traverse speeds. The effect is thought to be 
due to the dissolution of Nb in molten V, but further work is being 
carried out, also on other systems, to determine the influence of 
alloying properties as indicated by phase equilibrium diagrams. 


URING some recent investigations into the weld- 
1) ing of niobium to vanadium, an unusual effect 

was noticed at the interface between the 
niobium parent plate and weld metal. 

The specimens were welded with a straightforward 
fusion butt weld, no filler metal being used, the 
source of heat being a traversing tungsten electrode 
and d.c. arc. An argon atmosphere covered the weld 
entirely at all times. 

The specimens were made from yy in thick sheet, 
? in. wide and 3 in. long. The abutting edges were 
prepared simply by filing and grinding until they were 
square, and were not shaped in any way. They were 
placed with the prepared edges touching and over- 
hanging a central channel in a copper backing plate. 
Spring clips held the specimens in position. 

On sectioning the welds, it was noticed that, whilst 
the vanadium-—weld interface showed an apparently 
normal contour, the niobium—weld interface exhibited 
an entirely different shape. This is clearly seen in Fig. |. 

No similar effect has been found for other metals, as 
far as it is possible to establish following examination 
of available literature, and it is for this reason that the 
effect is reported here. It will be referred to sub- 
sequently as the ‘tongue effect’. However, apex- 
shaped interfaces were observed by Theilacker, Baugh, 


ippearance of ‘tongue effect’ at Nb-V weld junction 


Kasburg, and Stermon' when welding hafnium to 
zirconium, though the form was rather different and 
no satisfactory explanation was given. 

The tongue effect in niobium-vanadium welds was 
first noticed when specimens were sectioned following 
experiments designed to relate beadwidth to current 
and traverse rate. A series of specimens was welded 
at a constant current of 70 amp and at traverse rates 
varying from 4 to 4 in./min in 4 in./min stages 
Manuscript received 15th December 1960 
The authors are at the Battersea College of Technology, 

London 625 
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weld metal. The same conditions seem to be true at the 
vanadium end of the weld. It will be noticed also in 
reference to the niobium that as the weld solidified, the 
new grains grew onto the remains of the existing ones 
in the niobium 

Microhardness tests carried out across the tip and 
parallel to the interfaces gave similar results to those 
already mentioned. 

Generally, it would be assumed that the boundaries 
between weld metal and parent plate represent 
temperature contours, where the temperature would 
be that of the melting point of the parent plate. How- 
ever, in this case, it 1s thought that, whilst this ts 
probably true at the vanadium interface, it does not 
apply at the niobium interface. Here the contours are 
governed by the dissolution of niobium in vanadium, 

particularly at the remembering that the weld pool temperature may be 

im and weld metal. and below the melting point of niobium. Thus, on the 

eh oxygen content (1800 p.p.m.) niobium side there is a solution boundary or front, 
niobium is low in oxygen and and not a temperature boundary. 

found in association with the Ihe sectioning of further specimens has shown that 

at higher electrode traverse rates for a given current, or 

the molten zone ts an all fas yet similarly at lower currents and a given traverse rate, 

sition. Experiments are ind t the tongue appears to have a much more blunt 

i is considered, however, th outline (see Fig. 4) 


be tairly near to that of the est Sectioning a series of specimens showed that there 


the system Nb/V, wi forms a was a definite trend from the blunt form to the sharp 
if solid solutions witl 
C. TI ‘ 
Original position 
tem pe 
nelting point of lium, and 


nstant 





| 


addition, it was noticed that at the 

was necessary to melt the vanadium 

niobium would melt: in fact, a true 

owing ond \ not form until the vanadium had run 

solid niobium the niobium and formed an alloy. Once this had 

ypened welding appeared to continue normally. This 

to substantiate the contention that the tempera- 

he weld metal is below the melting point of 

above that of vanadium, though the 

ie relationship to the vanadium 

not yet known accurately. (It was 

ound that to weld niobium to niobium, 30”, higher 

currents were required than to weld vanadium to 

vanadium, for a similar bead width. This would be 

expected, taking into account the melting points and 
thermal conductivities of the two metals.) 

Thus the evidence suggests that the blunt tongue is 
an early stage in the development of the more sharp 
outline. The sharp contour is reached fairly quickly in 
the series and then is a constant feature; e.g., a current 
of 70 amp was used in the series of welds where the 
traverse rate varied from } in./min to 4 in./min. At a 
speed of 3 in./min, the tongue became blunt, and at 
4 in./min the tongue had the shape indicated in Fig. 4. 

It is unlikely that the explanation of the tongue 
effect lies in conductivity or specific heat considera- 
tions, though melting temperature differences are 
important. The probable mechanism by which the 
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Original position 
of edges 

















tongue is formed ts one of dissolution of niobium in 
molten vanadium. The vanadium, melting first, 
quickly forms an alloy by dissolving a portion of the 
top surface of the niobium. This weld metal, in a high 
state of agitation and probably high fluidity, either 
plate edges, and 


falls or is forced down between the 
wets the The vanadium is 


underside of the niobium 


BOOK REVIEW 


‘Modern Art Welding Practi« 
293 pp (30s.) 


A. OATES 
1961, 


| ondor 
George Newnes Lid 

Welding is now firmly established as one of the corner- 
stones of modern technology. Newcomers to the field are 
sometimes rather overwhelmed by the scope and diversity 
of the specialised knowledge that has to be absorbed 
**Modern Arc Welding Practice” is stated by the author to 
be a practical reference and instruction manual and will be 
extremely useful to those entering the welding industry at 
any level as well as being a useful text book for the student 
welder. 

Chapters are included on most of the aspects of arc 
welding practice such as welding plant, electrodes, flame 


and arc cutting, work preparation, etc. The welding of 


materials other than mild steel receives detailed attention. 
Separate chapters are devoted to the welding of cast irons, 
aluminium alloys, copper and nickel alloys, stainless steel 
and hard facing techniques. Argon arc welding is also 
fully dealt with in a comprehensive manner. 

The author has confined himself to a descriptive treat- 
ment of the subject matter, the theoretical and metallurgical 


WELDING 


BEHAVIOUR OF NIOBIUM AND VANADIUM 


melted back simultaneously and the condition shown 
in Fig. 4 would be reached. Further dissolution of 
niobium occurs, probably at a rate at which the alloy 
composition is kept constant, though faster at corners 
than at Thus the dissolution contours would 
probably be Similar to those shown in Fig. 5, resulting 
in a tongue being formed. 

It is probably true that vanadium is also dissolved 
by the weld metal at a later stage, but since it is likely 
that the weld temperature is above the melting point 
of vanadium by about 200°C., it would be more of a 
melting effect, whereas the niobium is definitely being 
dissolved if the hypothesis ts correct 

It would seem that the suggested mechanism pro 
vides a likely explanation of the shape of the interface 
Work is continuing with the aim of establishing the 
mechanism, and explaining it in terms of kinetics; in 
addition, it is intended to experiment with 
systems so as to establish whether alloying properties 
as indicated by the phase equilibrium diagrams have 
any specific effect on tongue formation. It is intended 
off the underside of the niobium and so 
wetted by the weld 


subsequent dissolution from the underside 


faces 


other 


1 ‘ 1 
aiso LO Mask 


prevent it being metal vit 
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ition of Binary All 


aspects of welding being kept to the minimum necessary for 
clarity. It is very easy for a book of this type to fall between 
two stools and the author is to be congratulated on pro 
viding a straight forward descriptive handbook. The style 
is direct, easily readable and the subject matter contains a 
great deal of common sense. When the welding of armour 
plate is mentioned, for example, the reader is reminded 
that the electrode must comply with the relevant ministry 
specifications, a point which, from the practical aspect, is 
quite as important as a background knowledge of the 
theory of hydrogen cracking. The subject matter is 
amplified by clear line drawings where necessary and many 
excellent illustrations of specialised equipment are in- 
cluded. The readers attention is also drawn to the infor- 
mation contained in the appropriate British Standard 

Whilst the treatment of the subject matter is simple and 
concise and the book is by no means a theoretical text book 
on welding it can be thoroughly recommended to the 
graduate entering the welding field for the first time as well 
as to the student welder. 





Determination of the 


Hot Crack Susceptibility of Steel Sheet 


during Argonarc Welding 


oOmparaltve 
ivi 


j 


u00 
suggested 


hot-crack 
ng a comparative scale of potential 


susceptibility of steel 


steels are given, two of these results heing of 


2 Vi-C) 


g and a high purity 


J } 
COonSIdeTaD( Sigriiji air-meiled 


marked susceptibilit rack 


i fhat 


a study of the 


valiuahie information on the 


Introduction 
easure of a steel’s weldability might well be 
fined as the degree of susceptibility it shows to 
tearing in the region of the 

wr, of the factors which determine weldability, 
undoubtedly the most important. Hot cracking, 
ilmost certainly occurs at a temperature in the 
of the probably reflects inadequate 
it that temperature and therefore inability to 
late the thermal strains set up during weld- 


hot’ cracking of 


solidus 


forms of test have been devised to determine 
to hot cracking, examples being the Double 
t' and Houldcroft Test.* It is apparent 
development of a simple yet sensitive test 
facilitate study of the which 
cause or contribute to hot cracking 
Ihe value of any test which relies on measurement 
of either the number of cracks formed or on crack 
length, when a weld or melt run is made on a selected 
steel under controlled conditions, can best be assessed 
by comparing the results with the extent of cracking 
experienced during production welding of the same 
steel. The establishment of such a relationship generally 
presents difficulty, for, no matter how carefully a 
production welding process may be controlled, some 
variables are bound to remain and therefore the 
relationship is unlikely to be precise 
4 weldable low-alloy which has been used 
extensively in sheet form for the fabrication of rocket 
motor cases and pressure vessels, and which is capable 


the 


| | e 
would greatly factors 


steel, 


th February 1961. Submitted as a 
ite Membership 


| 
Development Engineer at 


Tech- 


Bristol 
654 


Vo 
vacuum melted steel of the 
pecific composition which showed a potential crack susceptibility of zero. 
complete compositions of these two steels 


constituents that encourage sus- 


steel whic h showed 


By H.V. Huxley, 
A.M. INST.W. 


of achieving strength levels in excess of 80 tons/sq.in. 
by a suitable heat treatment, is the 1°, Cr—Mo steel 
to Bristol Aerojet Limited specification RS.120. 
Experience in the welding of this steel by the argon- 
shielded tungsten-arc process shows it to vary widely 
between batches +n susceptibility to hot cracking, the 
marked susceptiviiity found in some batches being 
attributed to relatively high sulphur and phosphorus 
contents.* 

The existence of a number of batches of this steel 
sheet, each with a well documented history of weld- 
ability in production, has greatly facilitated study of 
the phenomenon of hot cracking. One result of this 
study has been the development of a test for deter- 
mining the hot cracking resistance of steel sheet during 
welding by the argonarc process, excellent correlation 
being obtained between weldability as indicated by 
the test and that shown by experience in production. 

The test has been used to determine the crack 
susceptibility of four alloy steels, two of them giving 
results of particular interest. 


Description of Test 


Three forms of the test specimen are illustrated in 
Fig.l. This specimen takes the form of a strip 16 in. 
long by 1} in. wide having opposing slots approxi- 
mately sy in. wide cut into the sides to a depth of 
0-6 in. These slots serve a double purpose, acting as 
thermal insulators between each test section and giving 
an edge starting effect for the initiation of a crack. In 
the experimental forms the distance between each pair 
of slots was | in. (specimen A), 1} in. (specimen B) 
and 2 in. (specimen C). 

To carry out a test the specimen is set up on a 
special jig (Fig. 2) consisting essentially of two parallel 
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round steel bars 4 in. dia. by about 18 in. long. The 
specimen is laid on the jig in such a way that line 
contact only is maintained between specimen and jig: 
this ensures a minimum loss of heat to the jig by 
conduction. The specimen is held loosely at the edges 
by screws let into the jig at suitable intervals, the 
points of retention being at the ends of each test 


section. This arrangement allows movement, due to 
thermal stresses, to be unrestrained. A melt run is 
made along the length and in the middle of the 
specimen, care being taken to avoid ‘bridging’ the 
ends of the slots. 

Figure 3 shows the assembly set up on a welding 
machine on completion of a test 

The mechanism of the test would seem to be as 
follows: The area of metal between each pair of slots 
is, as nearly as possible, thermally insulated from its 
neighbours and from the jig. As the are enters this 
area and proceeds towards the next pair of slots the 
cooling melt behind the arc is subjected to strain due 
to its own contraction against the restraint of the solid 
and comparatively cold metal ahead of the arc. With 
the forward movement of the arc and the gradual build- 
up of heat within the test area the restraint, and 
therefore the strain on the cooling melt run, decreases 
progressively. At the starting slots the strain is suffici- 
ent to initiate a crack. The extent of the propagation of 
this crack (crack length) under decreasing strain, is the 
measure of the steel’s hot-crack susceptibility. 


Evaluation of Test 


Five batches of the RS.120 1°, Cr—Mo steel sheet of 
a nominal 15 s.w.g., which had shown a wide variation 
in susceptibility to hot cracking during production 
welding, were examined by means of the test. The 
compositions of these steels, together with the require- 
ments of the specification, are given in Table IL. 

It was assumed that to obtain maximum sensitivity 
the test section length (distance between slots) would 
need to be as large as possible, and in the early stages 
of development tests were carried out on specimens 
having distances up to 4 in., welding speed being 
constant at 5 in./min. As was to be expected, the 
overall scatter in crack length became wider as the 
test section length increased. It follows that with a 
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{ssembly at completion of welding 


lable I 
Composition of 1°, Cr-Mo steels 





Composition, 
Si Ss P 


0-29 0-009 0-016 
0-24 0-011 0-015 
0-19 0-015 0-030 
0-14 0-016 0-023 
0-19 0-013 0-031 


Vin 
0-49 
0-44 
0-41 
0-51 
0-41 


Ni 


Reg nrements 

f RS.120 
Min 0-30 
Max 0-35 


0-40 
0-60 


0-10 0 
0-35 0-015 0-025 0-30 | 


8O 
10 





wider scatter in crack length the greater is the number 
of tests needed to establish a value of crack sensitivity 
commensurate with maximum economy in the use of 
material. The ultimate choice of test section length was 
therefore restricted to one of the dimensions shown 
in Fig. | 


To obtain 24 test sections for each form of specimen 
(see Fig. 1) two specimens were prepared to form A, 
three to form B and four to form C in each steel 

In each case the melt run was made at a speed of 
5 in./min using a current of 80 amp 

The results of the tests are given in Table Il, the 
relative hot-crack susceptibility being indicated by the 
average crack length obtained on each form of speci- 
ment. Table II also shows the production welding 
history of each steel, i.e., the percentage of welds 
found to be cracked when examined radiographically. 

It will be noticed that in many cases the total 
number of cracks measured was less than the nominal 
24. This is because the melt run had sometimes diverged 
and over-run the end of a slot, so invalidating the 
following test section. Where such divergence of the 
melt run takes place, fracture usually occurs and 
extends from the slot into the melt, so altering the 
pattern of stress within the test section 

The crack sensitivity of the five steels, as determined 


Table Il 


Crack tests on 1 


Crack Test Results 
Specimen 1 Spec imen B 
4 verage 
Crack Length, 
in 


0-201 
0-203 
0-383 
0-416 
0-503 


No of 
Cracks 


No. of 
Cracks 
24 
24 
24 
24 


i) 


in 
0-280 
0-321 
0-554 
0-560 
0-615 


Average 
Crack Length, 


Cr-Mo steels 





Production Weldability 
uv elds 
Cracked, 


Specimen € 
1verage 

Crack Length, 

in. 

0-299 
0-344 
0-637 
0-803 
0-943 


No. of 
Cracks 


Vo of Sheets 
Welded 
364 
$9 1 
&4 3 
188 4 
87 


4- 
l- 
* 
3 


64 
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by the three forms of test and as indicated by produc- 
tion experience, is compared graphically in Fig. 4 

Figure 5 shows two specimens to form C of Fig. | 
after welding. The specimens were prepared from two 
batches of the 1°, Cr—Mo steel (Table I) which had 
widely differing histories of weldability in production 
(Nos. | and 5 of Table II). The difference in crack 
length is clearly visible 

A study of the test results on the five steels of 
Table I suggested that, for a given steel, the averags 
crack length obtained with each form of specimen was 
very nearly the same propoition of the distance be- 
tween In Fig. 6 the production 
welding history of the five 1°, Cr—Mo steels (Tables | 
and II) is plotted against the average crack lengths 
obtained on of the three forms of specimen, 
expressed as a proportion of the distance between 


Slots in each case 


each 
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slots. Whilst some scatter is evident this is, perhaps, no 
greater than might be expected in a test of this type. 


Tests on Alloy Steels 


The steels tested were a 3 Cr-Mo-V, a 5 Cr 
Mo-V. and two Ni-Cr-Mo to specification 
SAE.4335. Of the two latter steels, one was a normal 
air-melted cast and one was manufactured by vacuum 
melting using a carbonyl-iron base and pure metal 
additions with no pick-up of impurities during melting 
All steels were in sheet form and of a nominal 15 s.w.g 
The compositions of the steels are given in Table III 

Test specimens were prepared from each steel to the 
between slots), it 


steels 


dimensions shown in Fig. 1(B) (15 in 
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Table Hl 
Composition of alloy steels 


Vin 


0-72 


Specification 


DTD.730 (Analy 
MOG.510 
SAE.4335 (Aur melted) 
SAE.4335 (Vacuum melted) 


sis) ya 
0-41 
0-62 
0-59 


S 


0-005 
0-011 
0-012 
0-004 





Composition, ° 
Ni Cr 
0-14 3-08 
0-21 4°84 
1:82 0-82 
1-96 0-77 


P 
0-014 
0-016 
0-016 
0-001 


4s 


0-021 
Trace 


0-05 
Trace 


0-005 
0-001 





being considered that this dimension offered the best 
compromise between sensitivity and economy in 
material. Melt runs were made in the specimens at a 
speed of 5 in./min using a current of 80 amp. 

Table LV gives the results obtained on the four steels 


Table IV 


Crack tests on alloy steels 





{verage 
Crack 
Length 


in 


Number 

of Test 
Sper Sections 
DTD.730 (Analy 
MOG.510 
SAE.4335 (Air melted) 
SAE.4335 (High purity VM) 


fication 
15 0-339 
0-278 
0-594 
0 


sis) 





Discussion 


From the aspect of practical welding, ‘weldability’ 
incapable of definition, the observed 
‘weldability’ of a given steel being affected by tech- 
nique and probably by the type of fabrication in- 
volved. However, a steel may be said to possess a 
certain potential ‘weldability’ or susceptibility to hot 
cracking which may be derived from a study of its 
composition and/or metallurgical factors 

A theory, now widely accepted, is that hot cracking 
mainly by the presence of quite small 
quantities of constituents whose melting points are 
lower than the equilibrium solidus of the steel. These 
constituents segregate to the grain boundaries and, 
being liquid, form regions of poor cohesion between 
grains, the resulting loss of ‘ductility’ occurring at a 
time when the strains due to thermal gradients and 
contractions are high. If it is accepted that the prob- 
lem is one of adequate ductility over a fairly limited 
range of temperatures then, to determine the potential 
hot-crack sensitivity of a steel, some test or device is 
required which will give a relative measure of the 


is precise 


caused 


Is 


ductility within this temperature range. By reason of 


its design and mechanism of crack initiation and 
propagation the crack test would seem to provide such 
a device 

Production welding of the five | Cr—Mo steels 
was carried out under carefully controlled conditions. 
The type of fabrication involved was the same in every 
case and welding speed was maintained at 5 in./min. 
It is evident from Figs. 4 and 6 that the results given 
by the test are a very good reflection of production 
experience in the welding of these steels. 

Figure 6 shows that the average crack length 


developed in a given steel tends to be a constant 


proportion of the test section length or distance 
between slots. This suggests that the value of strain 
developed and the pattern of the action of these 
strains on the cooling melt are the same in each form 
of specimen. Reference has already been made to the 
effect of increasing test section length, it being noted 
that as this dimension increases so the scatter in crack 
length becomes wider. This could be due to the greater 
area for dispersal of heat given by the longer test 
section length, and it may be that the scatter could be 
reduced by increasing the welding speed, so giving a 
faster input of energy to compensate for the faster 
dispersal of heat by radiation and/or conduction. 
Such a supposition would imply that an optimum 
welding speed exists for a given test section length at 
which the scatter in crack length would be at a 
minimum. Whilst Fig. 6 would suggest that the 
average crack length developed in a given steel tends 
to be a constant proportion of the test section length, 
the variation in this dimension (1-2 in.) may not be 
wide enough to display the full effect of varying test 
section length and, therefore, of overall scatter in 
crack length. 

The test is designed to give a purely comparative 
measure of a steel’s susceptibility to hot cracking and 
it has been demonstrated that using test section 
lengths of | in., 14 in. and 2 in., with a welding speed 
of 5 in./min, the indicated crack susceptibility given by 
the test correlates very well with experfepce gained in 
practical welding at the same speed. 

Since there would seem to be a constant relationship 
between test section length and the average crack 
length obtained it is suggested that, when the specimen 
is of a nominal 15 s.w.g., the test section length is not 
greater than 2 in., and welding speed is 5 in./min, a 
scale of susceptibility to hot cracking might be 
derived from the expression: 


Average Crack Lengtt sce li 
verage Crack Length 100—C.S.F « — ceptibility 
at 


Test Section Length 


It becomes evident from Fig. 6 that complete 
freedom from hot cracking might be expected when 
the C.S.F. has a value of about 20 or less 

Considering the four steels of Table III, crack 
susceptibility factors derived from the crack test 
results of Table IV are seen to be 22°6, 18-5, 39-6, 
and 0. 

Whilst the Cr-Mo-—V steels Nos. 6 and 7 are seen to 
possess good resistance to hot cracking, undoubtedly 
the most significant result is the wide difference in 
crack sensitivity shown by the air-melted and high 
purity vacuum melted Ni-Cr—Mo steels to specifica- 
tion SAE.4335 (Nos. 8 and 9). 

An earlier paper‘ which investigated the relation- 
ship between hot cracking and composition, proposed 
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a formula by which sensitivity to hot cracking could 
be assessed. That paper suggested that carbon, 
sulphur, phosphorus, silicon, and nickel were adverse, 
while manganese, chromium, molybdenum and 
vanadium were beneficial in their effect. With the very 
obvious exception of the high purity vacuum melted 
steel No. 9, the relative crack sensitivity shown by all 
the steels tested in the present work is in substantial 
agreement with the findings of the earlier paper; the 
effect of relatively high sulphur and phosphorus 
contents being evident in the RS.120 steels of Table I, 
the good resistance to cracking shown by the Cr-Mo 
V steels Nos. 6 and 7, and the marked crack suscept- 
ibility shown by the air melted Ni-Cr—Mo steel No. 8, 
the latter showing a sensitivity to cracking equivalent 
to the RS.120 steel No. 5 which gave the highest 
incidence of cracking during production welding 
However, steel No. 9, which is of the same specific 
composition as steel No. 8, shows zero crack sensitivity 
Although there is seen to be an appreciable difference 
in the sulphur and phosphorus contents of steels 8 and 
9, this fact alone cannot, perhaps, explain the wide 
difference in crack sensitivity shown by the two steels 
Therefore, in seeking an explanation of this differing 
crack susceptibility, other factors must also be 
considered. 

In addition to possessing a higher sulphur and 
phosphorus content than steel 9, steel 8 contains 
0-05°, copper, 0-005°,, tin and 0-021°, arsenic. The 
effect of copper has been noted by Jones® who ob- 


tained an ‘indication’ that this element in amounts of 


) 


the order of 1°, increased the hot cracking of low- 
alloy steels. It would seem from this that the role 


played by copper is a minor one and, therefore, the 
small amount present in steel 8 can hardly be signific- 


ant. The small difference in tin content of the two 
steels (0-004°..) would suggest that this element also is 
a factor of little significance in their differing crack 
susceptibility. Of the possible adverse elements (other 
than sulphur and phosphorus) known to be present in 
steel 8, the elimination of copper and tin points to its 
arsenic content (0-021°,) as being an important 
factor in the crack susceptibility of this steel. 

There would seem to be little conclusive evidence in 
the literature on the effect of arsenic on the weld- 
ability of low-alloy steels, but a recent B.W.R.A. 
report,® which investigated the effect of this element on 
the weldability and notch toughness of mild steel, 
concluded that arsenic up to 0-10°, has no effect on 
the fusion weld crack susceptibility, joint strength, 
ductility, and notch toughness of mild steel plate, 
provided that the sulphur and phosphorus contents are 
within the normal limits of 0:06°.. It is well known, 
however, that such levels of sulphur and phosphorus 
would be quite intolerable in high-strength weldable 
low-alloy steels (the latest specification for such a 
steel gives maximum values of 0-010°, S and 0-015° 
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P). It is an interesting possibility that such steels may 
be equally intolerant of arsenic. 

At the present time considerable effort is being 
expended on the development of new, high-strength 
steels for rocket motor and pressure manu- 
facture, such steels being required to possess the 
additional property of good weldability. It would seem 
that answers to many of the questions concerning the 
constitution of a high-strength weldable steel lie in the 
markedly differing crack sensitivity shown by steels 8 
and 9 


vessel 


Conclusions 


A simple test has been developed by which the 
susceptibility of steel sheet to hot cracking may be 
determined, weldability or hot-crack susceptibility as 
indicated by the test showing very good correlation 
with practical welding experience 

A relative measure of a steel’s susceptibility to hot 
cracking, termed the “Crack Susceptibility Factor’, has 
been derived by expressing the average crack length of 
the test specimen as a percentage of the test section 
length (distance between slots). 

Use of the test to determine the crack susceptibility 
of four special steels has produced two results of out- 
standing significance: the air-melted steel to specifica- 
tion SAE.4335 which gave a C.S.F. of 39-6, indicating 
marked susceptibility to hot cracking, and the high 
purity vacuum melted steel to the same specification, 
which gave a C.S.F. value of zero. 

The reason for the wide difference in crack 
ceptibility shown by these two steels of the same 
specific composition obviously merits investigation 
Such an investigation would, seemingly, provide 
much valuable information on the constituents that 
encourage or induce hot cracking in steel during 
welding 


sus- 
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Mr. H. E. Dixon (Atomic Power Construction Ltd.) 
My contribution is intended as an opening gambit to 
arouse you, rather than a lecture. For some reason it was 
thought that | was equipped for this because I have been 
involved in metallurgy for a long time — although I now 
have a much wider field of interest, primarily from the 
engineering point of view 

This places me in a somewhat awkward position. I have 
to look at the subject from several sides: from the point of 
view of the metallurgist, and from that of the engineer, the 
designer, and the constructor. I am not quite sure with 
what voice | am going to speak, so if there is any ambiguity 
or inconsistency in what I say I would ask you to bear 
with me 

The very title of the discussion, ““The Role of the Metal- 
lurgist in Fabrication involving Welding’’— in other words, 
the part that the metallurgist plays in welding fabrication 
poses a number of questions. 

Firstly, the wording implies that the metallurgist occu- 
pies a very special position in relation to welding fabrica- 
tion which is perhaps different from his position in relation 
to any other fabrication process. Secondly, does he play 
the same role in relation to the various industries that 
employ welding fabrication, or in relation to industries 
concerned with different materials? Is his role different, 
for ferrous or non-ferrous, or very special materials? 
Thirdly, and I think this is the most important, is he playing 
the correct role? It is on this aspect that we can, of course, 
have the most discussion. Fourthly, and perhaps it should 
be the first question, what do we mean by a metallurgist in 
this particular context? The best metallurgists | know in 
this particular field are not really metallurgists at all; they 
are often engineers, chemists, or others who have subse- 
quently acquired a metallurgical knowledge. This raises 
many questions in regard to training, etc. 

For the purpose of this discussion I have assumed that 
we are interested in the welding metallurgist—a person 
who, by both training and experience, has specialised in 
the development of the science of welding. He has con- 
cerned himself particularly with the effects of welding on 
the properties of materials, the properties of weldments as 
a unit, or the properties of weld metals in particular. 

In relation to this question we might ask ourselves very 
carefully whether we look upon welding itself as a science 
or an art. In the past it was very much an art. In the last 
ten or twenty years it has come to be considered very 
largely as a science, although there is still a little art left 
in it. This means that the metallurgist in whom we are 


The subject was introduced by 


Institute of Welding was held in London from 
1960 
Meeting with th 


The third session of the technica 
Institution of Metallurgists, with 


H. E. Dixon 


interested—the welding metallurgist—must have an out- 
look that enables him to accept both the scientific and the 
artistic aspects. I think one could lay down immediately 
the requirement that he must have a proper understanding 
of the basic principles involved. The welding of steel, 
fortunately, requires less of the cookery-book qualifica- 
tions, or trial-and-error methods, and today more and 
more is being done to evaluate the fundamental principles 
underlying processes; the effect of processes on materials 
and the associated physical metallurgy. 

A knowledge of basic welding procedures helps a great 
deal in understanding processes, but much has still to be 
done on trial-and-error methods. Although we understand 
the basic principles, we cannot always predict exactly the 
precise conditions that are required for welding. 

The welding metallurgist has to understand the basic 
principles and must help to further the understanding of 
those principles. He must also understand the other aspects, 
which are not all scientific, and must realise that he is often 
in the hands of the operator. He must understand how to 
get the best out of welding operators, and how to educate 
them to understand the things that matter. 

Does he really occupy a special position in relation to 
welding, as compared with other fabrication industries? 
Welding has grown so much, and is today such an import- 
ant fabrication process that I find it difficult to come to 
any other conclusion than that he does occupy a different 
position. He is concerned, for example, not only with 
materials that should be welded, but with welding and the 
properties of those materials. He is concerned that the 
right materials are selected for welding, and that the right 
techniques are used to get the desired result. 

He is consequently much more involved in these matters 
than, for example, a metallurgist employing some other 
fabrication process. He is much more concerned in the use 
of materials. He has, therefore, a very close contact with 
the user, the engineer, and the designer. 

The roles that the metallurgist can play are quite varied; 
I shall consider two basic ones. He can be primarily con- 
cerned in furthering the science of welding, by means of 
research. He can do this in a research association such as 
B.W.R.A., in the laboratory of an electrode manufacturer 
concerned with developing particular materials, or in one 
of the technical associations or material suppliers, such as 
a steel works or an aluminium works. He can undertake 
research as a user as well. 

When he is doing this sort of work, where he is primarily 
concerned with welding research, I consider that it is not 
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possible to divorce it from the production application ot 
requirement. Here, B.W.R.A. probably does more welding 
research than anyone else in this country, and although it 
is engaged in a great deal of fundamental work, most of 
its staff keep their eye very much on the production appli- 
cations, or the production problems that arise. In fact 
some of their metallurgists are very good engineers, and 
some of their engineers are very good metallurgists. The 
combination of these qualifications puts them in an ex- 
tremely favourable position not only for making progress 
on the science side but for keeping in touch with what other 
people are doing and then seeing that the progress is fed 
to the user who needs it for a particular purpose. The 
research metallurgists at B.W.R.A. are encouraged to 
develop the engineering outlook so that they provide an 
extremely valuable service 

I stress this because, from the user's point of view, the 
metallurgist who is primarily a metallurgist in relation to 
welding, and has little other knowledge, greatly limits the 
field of his activity. | can explain this best, I think, by 
considering the case of my own particular company and 
the position that metallurgy plays in it. The chief metal- 
lurgist is responsible for the materials section. He is, if you 
like, a materials engineer—the man who says that, for this 
application, that material will be used. He is therefore very 
much concerned in the environmental conditions in which 
materials are used, whether these be simple conditions of 
temperature and pressure or much more complicated con- 
ditions involving gases or reactive materials. His word is 
law on the material that shall te used; no-one can override 
him on this, so far as a particular application is concerned 

He is, therefore, concerned very much with ensuring that 
the right materials are being used or specified. He can say 
“Yes” or ““No”’, and it is as simple as that. In addition, the 
chief metallurgist and his staff are responsible for fully 
approving all welding design features, to ensure that the 
right edge preparations, the right techniques, and so on 
are being used. You might say, ““What has that to do with a 
metallurgist?”’ It has a lot to do with a welding metallurgist 
who is trained in a particular way. 

Next, he is also responsible for ensuring that the inspec- 
tion techniques carried out on the production side are 
adequate. Although he is not responsible for inspection, 
he is entirely responsible for ensuring that the right tech- 
niques are employed, and the right standards followed; 
further, that any unusual features are being given special 
attention. In addition, he is also responsible for ensuring 
that our research department is doing the research required 
by the design or construction departments, whether this 
be on welding or any other process. You might say that he 
holds an unusual position. | know that, from his point of 
view, he holds an extremeiy satisfactory position. I do not 
for one moment think that many will agree with me that 
his responsibilities should be as I have outlined them. I am 
conscious of the fact that it is not possible to be dogmatic 
about what a metallurgist should do in the field of welding 
It depends very much on the people that you have and the 
training that they have had. Nevertheless, I am putting 
this forward as an example of a responsibility which, from 
my point of view, is extremely satisfactory, and here | am 
speaking from both the design and construction sides. 

The more general field of the metallurgist is, of course, 
as a ‘trouble-shooter’ in matters involving welding. He is 
brought in when trouble arises. He is not always brought in 
at the beginning of a job and given an opportunity to 
advise whether things are right or wrong. I know of too 
many metallurgists who are brought into the picture only 
when trouble looms—though I am sure that this does not 
apply to any of your organisations! or firms! A major 
crack occurs and then the metallurgist is in great demand. 
What often happens is that the solution is found but no 
one is quite sure why it works. Perhaps six months’ later 
the engineer will get an answer which tells him exactly 
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why and he then assures himself that it merely confirms 
his own vision in having taken the right decision, even if 
for the wrong reasons 

This is not a very satisfactory role for a metallurgist but, 
of course, the role that he has is the one that he really 
builds himself into. The more help and advice he can give 
on these matters the surer he is of being brought into the 
picture at the right stage 

However we look at this we get back to the very personal 
issue of the role that the individual metallurgist plays 
which depends very much on himself. Even if he is in the 
right organisation he may not, because of his own particu 
lar limitations, be able to play a proper role. A great deal 
has been said to the effect that the metallurgist’s job would 
be a great deal easier if the engineer knew more metallurgy 
and appreciated more of the problems involved. My 


experience has been that the man I want is the metallur- 


gist who has acquired an appreciation of engineering 
Given the right degree of responsibility he can play a much 
more important part if he has a knowledge of processes, 
design, and other problems that arise in the course ol 
production. This probably accounts for my metallurgist 
having the responsibility that he has, It depends, of course, 
very much on personalities, but I feel that if the metallur- 
gist wants to play a very important and vital role in produc- 
tion he must know the engineering side thoroughly at all 
levels, including design and production problems. He 
needs to be a real paragon if he is to become a power in the 
firm. He has to be all that the welding engineer is. He has to 
understand the welding and engineering points of view. He 
has, in fact, to be a welding engineer in embryo, so that 
he can quite easily step into the engineer's shoes if neces- 
sary. He must understand the “electrics” of every process. 
A little knowledge of mechanical engineering is a good 
thing as well. He needs to be something of a chemist, and 
to understand labour relations, and how to put over his 
ideas to designers, not by wielding a stick, but by education 
and persuasion. 

From all this it will be seen that he has to be a very 
special person with very special qualifications. | wonder 
how many of us measure up to those requirements? He 
must be conversant with codes of practice, and understand 
practical problems. He must be equally at ease working on 
the shop floor or with the management, and be in a position 
to maintain appropriate contacts with his fellow-workers 
sometimes the people in the research associations as well 
and feed his information through at all levels. Do people 
such as this exist? I shall not answer that question because, 
quite frankly, when one starts looking into the role that 
he might play, and the role that he frequently does play, 
the second can be seen as not always very important. This 
brings me to the matter of training and experience. 

The metallurgist is trained at a university or a technical 
college and considers himself qualified, whether he has a 
degree or a professional qualification. The amount of 
welding knowledge, even on basic principles, that he 
receives at either institution is quite limited. He gets his 
additional knowledge either by joining B.W.R.A.—a most 
useful source of staff for industry—or a large, progressive 
company with its own laboratories, where he comes in 
contact with electrical and mechanical engineers, with 
physicists and chemists. 

Some of the best metallurgists that I know are chemists 
by training. One of them is a physicist by training. Another 
is an engineer. In other words, there is no real means of 
training a metallurgist for welding fabrication except the 
hard way, through experience. We might well ask ourselves 
whether the biggest contribution we could make in getting 
the right role for the metallurgist in welding fabrication 
would be, in fact, to encourage a more progressive outlook 
in regard to welding instruction itself, in both universities 
and technical colleges. For welding, as a process, there are 
certain technological principles related to processes, which 





rT) 


oe BRITISH WELDING JOURNAL, NOVEMBER 1961 


govern what one can do and cannot do; but the basic 
problems in terms of welding and the facts concerning 
materials are admirable subjects for use in training colleges. 
The physical metallurgy side is extremely good, and covers 
all aspects of heat treatment, thermal cycling, stress-strain 
relationships, and so on. One could easily put an emphasis 
on welding at an early stage in training. On the whole, I 


believe that is not being done. It could be done by way of 


post-graduate courses, and I think that we would all like 
to see more of them. We have one in the country at the 
moment, perhaps two, but certainly the figure is not 
impressive 

The metallurgist of whom we are speaking requires a 
good deal of experience which, at the moment, he can get 
only by doing the actual job and making his way as best 
he can. He can gain a good deal of experience by working 
in a research station which has a forward outlook and is 
feeding engineering ‘know-how’ into all its work. 

My answer to the first question that I put to you: “Does 
the metallurgist occupy a special position in relation to 
welding?” is that I think he does. I think he could occupy 
a much more important position, according to his greater 
knowledge of engineering aspects and of the process side 
as well. The first-class welding metallurgist should have a 
sound engineering background. It can do no harm and 
will certainly help a great deal in making him more useful 
te his firm 

Does the metallurgist play the same role in welding 
processes in different industries? My feeling is that it is 
very difficult to be dogmatic about this. Many of the 
producers of ferrous and non-ferrous materials have 
progressive policies in their welding departments. These 
firms, because of their very nature and the fact that they 
are selling material, are continuously viewing, not merely 
the narrow field but all of the user aspects. In some works 
the metallurgist is primarily a trouble-shooter, and is only 
called upon to get somebody out of a mess; I think that 
these are in the minority. 

Does the metallurgist play a different role according to 
the type of process? I think that the day has gone when one 
had a metallurgist who specialised in resistance-welding. 
I think that I was the last of that line. I do not think that 
today resistance-welding is regarded as a special field in 
which particular metallurgical problems are posed. It poses 
mechanical, electrical, or design problems, all of which 
can be solved by the right metallurgist, of course, but there 
are so few in that category that one can almost leave them 
out of consideration. 

The metallurgist who goes furthest these days is the man 
who knows most about the greatest number of materials, 
processes, and the engineering and design aspects. This is 
very hard to dispute. He can do his job so much more 
effectively than his fellows. Is he playing the correct role? 
I do not think that one can refer to a definite, fixed role. 
It must have relation to the individual. Each can answer it 
himself by asking whether he feels that he is in fact earning 
his money 
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industry is extremely varied in its requirements. A small 
works producing mild steel fabrications to an average 
standard represents one particular requirement. Going up 
the scale, increasing the organisation in size and scope, 
presents very different problems. The small to medium- 
sized fabricating company dealing with a wide variety of 
materials represents a field where the requirement is for 
men who not only understand materials but, more im- 
portant, are able to help the company produce at a certain 
rate. They must earn their keep, and must move things 
from A to B quickly, and that in the correct manner. 

Mr. Dixon pointed out that the metallurgist is often 
brought in as a ‘trouble-shooter’ in this sort of company. 
If that happens it is much too late and the metallurgist is 


in a hopeless position; but if we take a man who is trained 
basically as a metallurgist and then, by environment and 
study, gains a practical understanding of welding, elec- 
trodes, processes, and the design side, he can be a great 
asset in the early days of a fabrication, before it goes 
through as a design. He can embody his own ideas and 
carefully follow them through in a department for which 
he is responsible as metallurgist. He is virtually the welding 
engineer. This can probably apply only in a small 
organisation, but if one can find such an “animal” one may 
consider him a specialist. 

In the larger company, I feel he should advise on all 
matters concerning metallurgy, both general and welding 
having in mind the diversified interests that are encountered 
today. There is a need for someone who can say, “This is 
the correct material to use. This is the way to do it”. When 
the specification is in writing his responsibility ends, in the 
sense that the design will be produced and followed 
through by the production staff. He may find that the 
welding engineers, or the production staff, have done 
something which is not necessarily connected with the 
particular specification. I still think that in the larger 
organisation I would prefer to see the metallurgist in a 
role in which he can not only advise but be able to specify 
something that will be carried out. 

I feel that there is at present a distinct shortage of tech- 
nologists who can combine metallurgy and welding. I 
prefer the combination of metallurgist-welding engineer 
rather than engineer-welding engineer. I would like to hear 
engineers’ views on these matters. 

Mr. Dixon touched very briefly on the question of en- 
lightened management. Welding is a comparatively new 
industry, and in many places welding is viewed as a method 
whereby one joins two pieces together, and as long as they 
stay together everyone is satisfied; if not, the metallurgist 
is brought in. With a lead from management, metallurgists 
could be employed as they should be employed, with very 
happy results. 

Mr. Dixon mentioned the British Welding Research 
Association and the other bodies that provide scientific 
information for the industry and mentioned that the results 
of research must be put into practice. No one is better fitted 
to do that than the metallurgist ; he can see that the formina- 
tion reaches the design departments and the production 
departments, and thus fill his role of controlling and acting 
in an advisory capacity, with authority. 

The metallurgist who has some knowledge of practical 
production will gradually co-operate in the more theo- 
retical aspects of design, so that it will be possible to make 
the product that is fit for its purpose. 


Mr. R. G. Braithwaite (Past-President): | cannot help 
reflecting how much we owe to the fact that the pioneers 
who developed the process of welding had a metallurgical 
background. Metallurgists have since played an important 
part in welding, but they are only part of the team, and 
metallurgy represents only one aspect of the training of a 
welding engineer. He must be something of a chemist, and 
have an engineering and design background, but basically 
he must depend upon metallurgical knowledge. We have 
to work with metals, and weld them. The metallurgist has 
to produce the weldable materials. He must therefore work 
with us and understand our problems. 


Mr. J. Hinde (International Nickel Co. (Mond) Ltd.): 
The metallurgist’s most important role in welding is to put 
his message across to the welder; this requires close con- 
tact with the men on the shop floor. Yesterday the President 
showed some samples of defective mild steel tubes. These 
had been joined by competent welders but microsections 
illustrated the defects. The cause of the trouble was really 
a change in the thickness of the tubing from # in. to } in.; 
the welders had worked on j in. material for so long and 
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used the same technique on the thicker material and this 
was the cause of the trouble. Apparently a talk with the 
welders soon put matters right but it is my point that, 
without such contact, the metallurgist could have wasted 
a great deal of time in the laboratory assessing the nature 
of the defect and not helping anyone very much. 

The metallurgist must be in a position to go into the 
shops and decide for himself whether a particular problem 
is metallurgical or the remedy lies more in attention to the 
welder’s piecework rate! The metallurgist needs experience 
to do that; experience that cannot be acquired in the 
laboratory but only amongst the welders on the shop floor 
Although it will be difficult for the metallurgist to match the 
skill of the practised welder, it will be a great advantage if 
he can put down a weld. The metallurgist must get his 
information to the shop floor where it can be put to most 
use and this difficulty can better be overcome by personal 
contact than by the submission of reports. 

This afternoon the effect of phosphorus on the hot 
cracking of steel was mentioned. One solution of this 
problem is to use a steel with only 0-001 °,, phosphorus but 
costing around £1,000 a ton and the price for matching 
weld-metal would be about the same. One wonders what 
the cost of the final weldment would be and I would like 
to take this subject to illustrate another feature of im- 
portance to the metallurgist concerned with welding. The 
metallurgist should be aware that the immediate solution 
of a problem is not necessarily the correct metallurgical 
answer. Often he may have to compromise because of the 
cost involved or some other factor, like expedience of 
delivery of a particular material. He cannot do this, how- 
ever, unless he has a wide knowledge of all the aspects 
involved, including the many that have been mentioned 
by Mr. Dixon and Mr. Birkhead. The metallurgist will 
sometimes have to be reconciled to not having his metal- 


lurgical advice readily accepted, but he must be aware of 


all the factors involved before he can compromise to the 
advantage of all concerned or maintain his own point of 
view against all opposition. 

Those laboratories where new materials are developed 
may not be in quite the same position to maintain contact 
with welders at what I have called shop floor level. In such 
circumstances the metallurgist must have the courage 
sometimes to say a material is unweldable by this or that 
process. His assessments will be based mainly on test 
pieces but I would like to emphasise that whatever may 
be done in the laboratory, ultimately someone must make 
a component. Assessment will be speeded up by making 
a dummy part from the new material which one might think 
will serve the purpose and in this connection, the research 
metallurgist will do wel! to discuss the matter with those 
metallurgists who have the shop floor experience. 


Mr. N. T. Burgess (C.E.G.B., Research and Develop- 
ment Dept.): Welding is becoming more and more closely 


linked with inspection, whether destructive or non- 
destructive, and I find it increasingly difficult to decide 
whether the people responsible for welding should be 
responsible for acceptance or rejection. I should like to 
hear the views of expert welding engineers on where the 
metallurgist, as distinct from the welding engineer and the 
designer of the component, fits into weld inspection. 


Mr. J. A. McWilliam (Firth-Vickers Stainless Steels 
Ltd.): Metallurgists played a most important part in 
solving the problem of hot cracking in 18°, Cr-12°¢ Ni 
1°, Nb welded steam pipes, by the use of 17°, Cr—-10°% 
Ni- 3% Mo pipes. 

Mr. Fitch raised the question of making 18°, Cr-8°% 
Ni electrodes using mild steel core wire and having all the 
alloys in the coating. This was tried thirty-five years ago 
and the resultant electrodes were unreliable. The length of 
the arc is, of course, an important feature. Mr. Fitch 
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mentioned that this could now be done with touch- 
welding electrodes, but even the best welder does not 
always keep the touch all the time. I do not think that this 
is the complete answer 

Mr. I. C. Fitch (A.E.1. Ltd.): | shall put forward a 
heresy that a welding engineer ts an anomaly; that 
his function is really that of a process engineer. He has to 
deal with so many different processes and so many differ- 
ent methods of attaching materials that he cannot hope, 
if he is to do the job properly, to cover the whole field 

I take the view that the metallurgist must be at the elbow 
of the process engineer of whom I have just spoken, to 
advise him on the problems that arise from the metallurgy 
of welding. An organisation may not always be big enough 
to justify having two people, but fundamentally this is the 
correct approach because the metallurgist needs time to 
study the problems that cannot readily be answered by the 
process engineer, free from pressure of daily production 
problems. 

In answer to Mr. McWilliam, the stainless-steel electrode 
made with mild-steel core was not one that I would recom- 
mend for all purposes; but there were certain applications 
where a little extra tolerance involved no great risk, and 
under those circumstances an economic advantage could 
be gained. I quoted it as an example of what could be done, 
and has indeed been done for a very long time 


I say 


Mr. S. W. Neville (A.P.V. Co. Ltd.): It is not surprising 
that the general trend of this discussion has been towards 
the appraisal of the metallurgist, but I think perhaps a 
word should be said on behalf of the engineer 

The metallurgical graduate probably sees a better pros- 
pect in welding technology than does his engineering 
counterpart. He sees his chance of studying molten metal 
neatly contained in discreet little pools, with the additional! 
opportunity of using his basic engineering instinct for 
plotting cooling curves, calculating deposition rates, and 
the like. Thus he can say that he will be doing an engineers 
job as well as that of a metallurgist, even to such an extent 
as to adopt the title of ‘welding engineer”! 

The attraction that welding offers to the mechanical or 
electrical engineer is not nearly as strong, probably be- 
cause he has such a vast field in which to choose his path. 
The manufacture of motor-cars, prams, tin pots or wireless 
sets, Is Open to him on every side, and welding is a com- 
paratively narrow gateway. Once inside he is further con- 
fused by the baffling array of metallurgical engineers, 
engineering metallurgists and the rest! 

Ihe fact remains, however, that we need metallurgists, 
and we must have engineers working on welding, and each 
has an equal place. It depends very much on the personality 
and ability of the individual whether he will reach one of 
the exalted positions previously mentioned, and he then 
can call himself whatever he wishes. 


Basic welding research, such as is undertaken at 
B.W.R.A. essentially calls for a metallurgical approach. The 
engineers are the men who will take the welding processes, 
as they are offered by the manufacturers, select them, and 
install them on the job. They will plan the work to suit the 
process and will be responsible for the quality of the 
finished product. 

There are, of course, the geniuses whose light shines in 
both fields but they, after all, have little need to concern 
themselves with a discussion such as this! 


Mr. W. J. Colton (Newton Chambers and Co. Lid.): I 
agree with Mr. Dixon that the works metallurgist must be 
a man of many coats, or hats, but certainly he cannot be 
merely a ‘straight’ metallurgist, trained in metallurgy and 
that alone; he must have a very strong engineering bias. 
I do not think it matters much whether one begins as an 
engineer and then becomes a metallurgist, by whatever 
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are available, or vice versa. | do think that it ts 
essential that one should be able to appreciate the engin- 


eer’s point of view, speak in his language, and understand 


means 


his side of the matter 

I am not sure that I should want engineers to have to 
accept designs from metallurgists. Certainly, it is for the 
netallurgist to specify the way in which things shall be 
done and to deal with such important matters 
distribution, but design is not his province 

| feel that the metallurgist should state the how and when 
of inspection but should not be responsible for the inspect- 
He is then getting rather outside his proper 
n the larger organisation his main role should 
rather than on the shop floor 

Fortunately the practice ol calling in the metallurgist 
nly when things go wrong is dying out. People are realising 
that they can be helped before mistakes are made, and are 
taking adv this fi On the other hand, the 

etallurgist is often sandwiched between designers on the 
and the engineers and the shop floor on the other, 
them. He can help them 


as 


stress 


ing function 
sphere, and 


be advisory 


intage ol ict 
1¢ Side 
ind Ss ais 
oth 

As Mr 


irgist play 


the contact betweer 
role that the metal- 
I was almost 


the 
depends largely upon himsellf 

irrespective ol training assuming 
Whatever the combination of his qualities 


Dixon has pointed out 
tempted to say his 
it it IS Dasic 


iy be, hi ultimately depend upon himself, 
the idvice and 


establishing good relationships with people on his own 


uccess Wil 


d how effective he is in giving correct 


el who are specially concerned with engineering, design 
1 +} 
ul 


1 shop itself 


Mr. P. M. Bartle (B.W.R.A.) 


talk 


What | should really like 
becomes a metallurgist 
Dixon, have told us that 
engineers and chemists who are also good 
oO joIn that category 


probably 


about is how one good 
Various speakers especially Mr 
in Y 


now many 
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people have twenty years’ 
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i thorough grounding in metallurgy 


timate one, of engineering chemistry 


subjects with which he ts likely to come into 


tallurgist connected with velding, 
1 thorough 
to 


to have 
It is relatively 
but, in 


Casy 


siding my 
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which something should 


and should 
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the work 
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lar more portant for people develop! ictual processes, 
them to 
rements, but I still 


the wrong thing as 


iS Opposed to plying processes or improving 


edge of 


be ready to tr 


know 
they n 
right thing 

igree with Mr. Birkhead’s remark, that the 
the metallurgist changes greatly as he goes 
his outlook must also change. Mr. Birkhead 
point that the man who is going to be a 
welding metallurgist should be able to weld and handle an 
I agree that this is probably a good thing, but | 
would point out that there are many very good welding 
metallurgists who are probably very bad welders 


have a sound the requ 
think that 
| as the 


I thoroughly 


USI 


work done by 
up the scale 


also made the 


electrode 


Mr. C. L. Railton (T.1. Technological Centre): For want 
of something better I shall call myself a welding engineer 
with a smattering of metallurgy, and that seems to me to 
be one of the main difficulties. 

I heartily agree with Mr. Dixon that the ideal man, 
whether he starts off as an engineer or as a metallurgist, 
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is of the kind that he has described; but all too often the 
welding engineer, or the production engineer, gets into 
trouble and, upon asking the metallurgist what is wrong, 
receives an answer in a language that he cannot under- 
stand. That is where rectification is needed. I have, un- 
fortunately, had to deal with general graduate metallurgists 
who looked on the welding engineer as the man who deals 
with messy jobs—certainly nothing so refined and delicate 
as looking at a beautifully polished specimen under a nice, 
expensive microscope. If one asked them to do a welding 
job, or something of the kind, they would dash through 
that part of it as quickly as possible so that they could 
wash their hands and get a nice, clean specimen to look at 
under their microscopes—then giving one the answer in 
language that one could not understand. 

An earlier speaker said that welding experience was an 
excellent thing for training the metallurgist. In resistance- 
welding one might ask the metallurgist for the S curves for 
quench rates occurring in times of perhaps 5 cycles 
(though the metallurgist would not really understand 
because, to me, that is 0-1 sec.)—and would probably be 
told that there were no such curves. Nevertheless, the poor 
welding engineer needs information of this kind. Welding 
therefore, seems to offer excellent scope for training and 
to be a fundamental need for the young metallurgist, 
whether he is going into a steelworks or the welding 
industry. I feel that graduates or post-graduate students in 
metallurgy should be given far more information about 
welding as well as experience of welding processes. A 
metallurgist may say that a material is easily weldable, but 
if | answer that I am going to quench it in 0-4 sec. he will 
say that it cannot be done. My answer would be that it 
could be done by resistance-welding, but he will probably 
never have heard of this. The metallurgists need to realise 
what dreadful shocks welding can give to the materials 
that they know so much about. 

I should like the metallurgist to be able to translate his 
knowledge terms that the ordinary engineer can 
understand—to say what it means in rates of heating and 
cooling. If not, the welding engineer, or the ordinary 
engineer, has to learn something about metallurgy. We 
have today been told of heat-treatments; of sixteen hours 
of this and ten hours of that. This does not help me very 
much if I want to flash-weld an engine ring. | want to 
know whether the setting is right mow—not in sixteen 
hours’ time—because there are a hundred other rings 
waiting to be done. The metallurgist shakes his head and 
likes to go away and think about it. The welding engineer 
probably decides to try bending it at various angles until 
he finds out where breaking-point is reached. He will 
probably heat-treat a sample for the required sixteen hours 
and later see whether there is any correlation between the 
results, but he cannot wait that long before going on with 
his work 


into 


Mr. J. V. Thomas: Through many years of experience 
in engineering I have come to the conclusion that “con- 
sistency” is furthest from our thoughts in the works. I 
should like to give the metallurgist the very real job of 
getting his own systems consistent, so that when one 
metallurgist examines a section he comes to the same con- 
clusion as his colleague next door. I have dealt with four or 
five metallurgists at the same time, and one simply cannot 
find consistency in their results. 

Let us get down to real fact. We have been welding mild 
steel for fifty years and stainless steel for thirty-five. We 
have been welding alloys for a comparatively short time. 
Poor Dr. Cottrell has been welding a very difficult alloy 
for the last seven years and is beginning to make some 
progress. We are coming to see what a weldable material 
is. The metallurgists are very welcome to come into the 
shop and watch the processes but then I hope that they 
will go away and get us weldable material. 
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I do not care what the price is; if you can get a welding 
material that will produce a reasonable finish, coupled with 
simplicity, you will be making progress. In some industries 
a great deal of material is scrapped and left in the stores 
because it could not be welded to the required specification. 
If the metallurgists can help they are more than welcome 
because there are more problems than we care to think 
about on the fabrication side. due mainly to the materials 
that one gets. 

Mr. Dixon said that his metallurgist specified the 
material to be purchased for a given job and checked it 
when it came into the shop. I should like to ask him how 
much he sends back. Can one get a material to specifica- 
tion? The specification is for manganese 0°8 to 1°9°, for 
instance. That is ridiculous. Dr. Cottrell knows what 
happens; the carbon content is 0-1°, at one corner and 
0-4°., at the other. How can one weld a sheet like that? 
The metallurgist has a difficult job. | would ask him to get 
suitable material for us to weld. Perhaps he should then 
keep out of the shop 


The President (Mr. E. Fuchs): Mr. Raiiton touched on 
a key matter when he spoke about “‘language’’. In welding, 
the important thing is to have a team, such as one finds 
in Mr. Fitch’s firm, and in our own, of engineers and metal- 
lurgists speaking each other's language or, in smaller firms, 
to have one welding technologist 

We are striving very hard in the Institute and the 
B.W.R.A. to bring welding education up to date, for it is 
1 long way behind. I would ask anyone who sees a move- 
welding education in any of the 
colleges of technology to foster it to the greatest possible 
extent because it has been shown that the people who are 
behind in this matter are often not in the colleges but in 
industry which has to provide or demand students of 
welding technology. 


ment towards better 


This autumn there will be established at the College of 


Aeronautics, the Ministry of Education’s own college, a 
three term post-graduate welding course that will welcome 
both engineers and metallurgists and will be so designed 
that they will be able to learn each other's language as it 
applies to welding 

In Scotland, Mr. Barr, one of the Vice-Presidents, is 
working extremely hard to introduce in the metallurgist’s 
H.N.C., an endorsement in welding very much on the 
engineering side, and to introduce into the engineering 
H.N.C. an endorsement very much on the metallurgical 
side. For these endorsements the metallurgist would learn 
a littke engineering language, and vice versa, 1 would ask 
you to do everything you can to encourage this sort of 
thing in your own areas and we shall also do so. Do noi 
leave it to the educationalists: speak to your 
director 


managing 


Mr. H. E. Dixon: | agree entirely with what Mr 
Birkhead said. Mr. Braithwaite and Mr. Thomas, men- 
tioned the desire to produce weldable materials. That is a 
very good thing, but I must point out that one can get 
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things as long as one is prepared to pay for them; I can 
obtain much better mild steel if I am prepared to pay for it. 
The magic word is “economics”. We must, however, 
remember that generally speaking we have to use things 
that we can pay for. If | want a sulphur limit of 0-03°, and 
a phosphorus content of 0-001 °, I can get it, but the price 
will be rather shocking! 

I do not think that there should be any doubt in any 
one’s mind that the metallurgical industry has gone a long 
way in developing materials and meeting welding require- 
ments, but it is obviously not possible to satisfy all engin- 
eers. It is not possible for me to be satisfied in my present 
role, bearing in mind what I would like to have. The fact 
is that some things can be achieved and some cannot. 

| agree with Mr. Hinde that contact with the shop floor 
is most important. | do not know whether Mr. Bates was 
suggesting that I had said something wrong, but I really 
did draw attention to the need for a knowledge of what 
went on on the workshop floor, and the desirability of 
being able to put things across. It is necessary to sell one- 
self upwards and downwards, as it were. 

I did not specify that the metallurgist should be res- 
ponsible for inspection; I said that he should be responsible 
for laying down what important, what was not 
important, and what should be looked for. Physical 
techniques should obviously be in the hands of the ex- 
perienced physicist. 

Mr. Neville mentioned graduates, and how they found 
their way into welding. I should like to know how many 
have come into welding in the last few years, whether on 
the process or metallurgical side. My experience is that 
most graduates today seem to be possessed by the idea 
that there is a branch of physical metallurgy, or near- 
physics, called solid-state physics which is the be-all and 
end-all, and I find it very difficult to discover metallurgists 
fresh from the university who are interested in learning 
something about welding. I notice with interest a trend in 
university schools towards dislocation theory and solid- 
State physics and a great reduction in the number of 
metallurgists going into the industry as graduates. 

Mr. Railton was not sure what he should be called. If 
he does not know I cannot tell him, but I agree that we all 
need to broaden our knowledge. Once the trend towards 
specialisation is followed it is difficult to throw it off and 
broaden one’s outlook 


was 


This is true of everyone. There is 
a tendency 


to be tagged very early, as a result of something 
that one has done, and it is difficult to lose that tag; if a 
man can lose it in twenty years he is doing well 
of the way we work these days a specialist becomes valu- 
able, but from his own point of view it must be a deadly 


Because 


limitation. We should follow the example of our naval 
friends, who train all their engineers with the intention of 
making them Directors of Naval Construction, although 
only one person at a time can ever occupy that position. 
it must nevertheless be a very satisfying training. With a 
broader outlook we should all become potential managing 
directors, and in my view this would not be such a bad 
thing 
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Suggested Explanation of Hot Cracking 
in Mild and Low Alloy Steel Welds 


in explanation of the effect of composition on hot cracking is given for 

hinary iron alloys, mild and low alloy steels using in part the “*General- 
ised theory of super-solidus cracking’ developed previously by the 
author, and published literature. 


Using a relative Potency Factor 


By J. C. Borland. AA.M. 


1 -K 
M,| xK- | il is Sugge sted that 


the most harmful elements by themselves, in decreasing order of po- 
tency, are S, B, (Ce?), P, As, 


Nb, Sn, Zr, and Ta, and they are prob- 


ably much more harmful in alloys initially solidifying as austenite than 
those freezing first as ferrite. 

Oxygen, and deoxidisers such as silicon and aluminium, can pla) 
an important part in changing the distribution of the liquid phase, and 
thereby altering the cracking tendency. 


Introduction 


ESPITE the large number of investigations on the 
hot cracking (super-solidus) propensity of 
welds, the fundamental reasons for cracking 

are still not yet completely understood. It has been 
established, however, that the main factors causing 
cracking are mechanical and metallurgical. The mech- 
anical factors include size and thickness of material, 
joint design, and size and shape of the weld bead. In 
general the greater the strains imposed on the weld 
during solidification the more severe the cracking. 
rhe principal metallurgical factor is the presence of a 
liquid phase at the grain boundaries during freezing 
What is not known, however, is the exact nature of 
the grain boundary liquid and in what manner it acts 
to cause cracking 

4 “generalised theory of super-solidus cracking”’,! 
recently developed by the author, attempts to explain 
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the fundamental reasons for cracking in welds (and 
castings). This present paper discusses the applica- 
bility of this theory (and its extension) to hot cracking 
in mild and low alloy steels* and it is hoped that the 
approach to the problem, developed in this article, in 
spite of its speculative element, will provide a logical 
background for future investigations into the develop- 
ment of filler materials for welding high strength 
ferritic steels. The effect of elements in high alloy 
steels will be discussed in a future article. 


Theory of Cracking 


Initial development of generalised theory 

This theory explains that for cracking to occur it is 
not a sufficient condition that a wide freezing range 
exists; liquid should also be present over a relatively 





* W. K. B. Marshall in independent work has also recently 
surmised on the effect of composition on cracking. (B.W.J 
July 1960.) 
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1— Relationship between dihedral angle and ratio of interfacial 
energies (after C. S. Smith) 


wide temperature interval in a distribution which will 
allow high stresses to be built up between grains. A 
liquid phase covering almost all the grain faces during 
freezing will allow the development of high stresses 
on the narrow bridges joining adjacent grains and thus 
could give rise to fissuring, whereas a liquid confined 
mainly to grain edges and corners will allow large 
areas of the grain faces to unite thereby forming 
strong bonds which are able to withstand the weld 
cooling strains without breaking. It is further suggested 
that the liquid distribution during freezing is governed 
by the ratio 7* of the interphase (solid—liquid) and 
grain boundary energies. A low ratio (7 slightly 
greater than 0-5) is extremely harmful as a/most con- 
tinuous films are formed; a high ratio (r=0-57) is 
beneficial as the liquid is then restricted to grain edges 
and corners. The appearance and distribution of the 
liquid phase (when solid) can be seen on a metallo- 
graphic section, and the dihedral angle (@) which is a 
measure of 7, can be determined.*:* (See Fig. 1). 
Since the dihedral angle is a more practical and con- 
venient measure of the distribution of the liquid phase 
than is 7 this will be referred to in the subsequent 
discussions. 

As solidification proceeds @ increases+ and, in 
generalising, it is suggested that the increasing value 
of @ with cooling, competes with the increasing ther- 
mal strains and that fissuring is only prevented when 
the stresses imposed on the bridges between grains 
do not exceed a critical amount. Cracking occurs late 
in the solidification cycle, in a ‘critical solidification 
range’ (C.S.R.) where fissures that are developed are 
not able to be ‘healed’ because the advanced develop- 
ment of the grains prevents the free passage of liquid 
(Fig. 2). 

To apply the generalised theory rigorously, it would 





! where vLS=liquid-solid interfacial 
2 Cos 0 energy 
3 vSS= grain boundary energy 
“y = dihedral angle 
+ The ‘effective’ value of @ is probably established during the 
first few moments of freezing, as with the high cooling rates 
in welds, equilibrium values of @ would only be established at 
the very high temperatures 


be necessary to know the 6/temperature relationship 
and the mode of freezing under welding (non-equili- 
brium) conditions. Information on the @/temperature 
relationship is not available so far as the author is 
aware but some results*~® have been obtained under 
equilibrium conditions and are useful pointers. The 
freezing mode depends to a very large extent on the 
solute concentration and welding conditions. As the 
solute concentration is increased the dendritic growth 
form gives way to equiaxed crystals. Likewise as the 
weld cooling rate increases and more solute is rejected 
ahead of the advancing solid/liquid interface there ts 
a greater tendency for equiaxed crystals to form. This 
type of growth, in certain circumstances, appears to 
be less crack sensitive than the columnar mode. 

Although data on @ is lacking, the application of the 
generalised theory need not be too restricted. For 
instance, it is thought that the value of @ is largely 
determined by the composition of liquid in contact 
with the growing crystals; when solid and liquid 
compositions are similar, small values of 6 (near 0°) 
are favoured; when they are totally different then large 
values develop. Therefore, systems which to a large 
extent satisfy the conditions for cracking are those 
which exhibit a small primary solid solution range, a 
liquidus which initially does not change too rapidly 
with a fall in temperature, and a relatively wide 
freezing range. It is assumed, of course, that the 
extent of the freezing range is related to the extent of 
the C.S.R. where cracking occurs. The function of the 
solute is to lower the freezing temperature of the grain 
boundary liquid, but it is the solvent rich liquid, which 
in this case is iron, that is responsible for the low 
dihedral angle developed. 

To prevent cracking in binary alloys, one solution 
would be to reduce the solute concentration to a safe 
level. Another solution, but much less practical in 
many cases,{ would be to add more solute so as to 





Aluminium alloys are an exception to this rule 
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create the condition where large quantities of liquid 
are freezing over a narrower temperature range. A 
third solution, predicted by the generalised theory, 
involves substantially changing the composition of 
the liquid phase (without greatly affecting the quan- 
tity) at the grain boundaries by adding another ele- 
ment which is much more soluble in the liquid than 
in the solid. This should increase @ 

It is probable that the generalised theory has its 
main application in ternary and more complex systems 


Effect of the freezing range 

It has been pointed out by several authors that as 
the extent of the freezing range increases so does the 
severity of cracking for many simple binary alloys 
For more complex alloys this rule does not hold, and 
in many instances this is probably because of the 
greater importance of the dihedral angle. For solid 
solution alloys, the dihedral angle is probably just 
above 0°, which is the condition most likely to cause 
cracking, and it seems reasonable to expect that the 
propagation (extent) of the cracks should be related, 
in some way, to the temperature range in which liquid 
still persists 

Up to the limit of solid solubility in binary alloys it 
is assumed that the extent of the C.S.R. will increase 
with an increase in the freezing range. Alloys with 
sufficiently long freezing ranges should be prone to 
cracking. Under equilibrium conditions the extent of 
the freezing range (47+) is given by 

1—K 

AT VM) Col k } 


solute concentration 
VU slope of liquidus C wt 
K = partition coefficient 


where Co 


The maximum extent of the freezing range occurs 
when Co reaches the solid solubility limit 

In some non-welding experiments on dilute alloys, 
Tiller et a/* have shown that the smooth face structure, 
typical of pure metals, breaks down when the tem- 
perature gradient G is less than the gradient of the 
liquidus temperature (constitutional super-cooling) 
In other words, non-equilibrium freezing occurs and 


a 
temperature 


b 


Artiunal 
AL LUU 





MICTAAK c 
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3—(a) Equilibrium freezing; (b) constitutional super-cooling 
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a homogeneous solid solution structure is not formed. 
It is probably only under these conditions that weld 
metal cracking normally takes place.' Constitutional 
super-cooling (Fig. 3) occurs when®: 
G.Dy i—Z\* 
==" < Mi, Co (——) 
R K 
where R=rate of crystal growth, cm/sec 
D, = Diffusion coefficient of solute in liquid, cm®/sec 


The maximum amount of super-cooling is given by’ 


exp == GX (3) 


4T.—A4T,(1 5) 


vhere J7.=super-cooling “C 


¥ = distance ahead of solid liquid interface 


[he amount actually occurring depends very much 
on the efficiency of the primary structure in reducing 
super-cooling. 

The crystal growth rate R will vary from zero at the 
fusion line to a rate equal to the welding velocity V at 
the weld centre line and is given by® 

R=V Sing . (4) 


angle between the tangent to the solidus isotherm 
and the line of welding 


where 


The temperature gradient G in the liquid will be 
largely determined by the heat input (amps x volts), 
welding velocity and the thermal properties of the 
material. In general, the greater the welding speed the 
less G will be at the weld centre line. The gradient 
between the centre line and the fusion boundary will 
stay more or less constant. Assuming D,p=5~x 10-° 
cm/sec and V=0-25 cm/sec (6 in/min) then at a level 
of 0-01°, Al super-cooling will occur when G is less 
than 75°C./cm. At 1°, Al G would have to be more 
than 7500°C./cm to prevent super-cooling. With 
0-01°, P, G would have to be 6000°C./cm. It is easy, 
therefore, to understand how under welding conditions, 
non-equilibrium conditions are obtained. Weld micro- 
Structure, cracking, and other weld properties will 


G 
presumably depend on the R value. 


The effect of this factor on cracking does not appear 
to have been studied experimentally in this way 
before and therefore it is not appropriate to comment 
in much detail on its particular effects. However in 
view of the known effect of the extent of the freezing 
range it is possible to describe simple relationships 
between this and cracking, for materials having similar 
thermal properties, and welded under similar condi- 
trons 

The relationship between the extent of the equili- 
brium freezing range (eq.(1)) and the severity of 
cracking in some binary aluminium alloys has been 
discussed briefly by the author® using cracking data 
obtained by Pumphrey and Lyons.'® In Fig. 4 cracking 


(i—X)_.. 
(in./wt°,) is plotted against Mi —— which has been 


called the Relative Potency factor; the bigger this 
factor the more severe the cracking per unit weight °, 
of solute. The actual amount of cracking occurring Is 
estimated by multiplying the R.P.F. cracking value by 
the solute concentration Co, though this arithmetical 
process cannot be extended too far, as the maximum 
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cracking in aluminium alloys of factor 


Effect on 


of various elements 


cracking that occurs 1s reached at solute concentra- 
tions far below the solid solubility limit, and corres- 
ponds to the point where eutectic ts first observed 
The maximum cracking (peak value 
obtained is dictated to a large extent by the factors in 
eq. (3), and to a first approximation it is to be expected 
that the peak value solute amount will be lower, the 


see Fig. 2) 


G 
greater the R.P. value. Further, decreasing = should 


» 


also decrease the amount of solute required to obtain 
the maximum cracking as indeed happens when 
changing from gas to arc welding (Fig. 4). This how- 
ever is far from the complete story because equation 3 
ignores the mechanical strain factor imposed by the 
welding process. 

Normally, to be judged harmful, an element must 
be capable of attaining a certain minimum value of 
wc (lA 
—* 2 


maximum potency, that (where Cg 


maximum solid solubility). In other words unless the 
freezing range is sufficiently long, cracking will not 
normally occur, no matter the value of the R.P.F.* 
This is the reason for the apparent anomaly of iron in 
Fig. 4. 

It seems likely that some of these above arguments 
can be extended to iron-binary systems, and to a less 
extent to mild and low alloy steels. 


Cracking in lron-Binary Systems 
Under this heading an attempt is made to present 


an idealised picture of the effect of constitutional 
features on cracking tendencies in binary alloys. The 


arguments put forward should allow the effects of 


elements, in more complex systems, to be more clearly 
understood. 


Constitutional features 

The element iron is characterised by its ability to 
exist either in the body centred cubic (alpha) or face 
centred cubic (gamma) form, depending on the tem- 
perature. The addition of a second element tends to sta- 
bilise either the alpha, or the gamma phase. Since many 
of the elements form similar binary systems with iron 


* This statement applies to normal welding conditions. It is of 
course possible to detect an effect due to the extent of the 
freezing range even when very small, providing suitable tests 
are made 
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Co Ni Pd Pt 


Class VV 


lron binary types 


they may be separated into groups.t The classification 
system devised here shows, in particular, the relation- 
ship of solid and liquid phases. The binary diagram 
types are shown in Fig. 5 and the maximum solubili- 
ties of elements in delta 5, gamma y and alpha a 
iron are summarised in Table I. Delta iron is, of 
course, the high temperature form of alpha iron. 


t See, for example, K. W. Andrews “Principles involved in 


Formation of Iron Alloys”. 


Vetal Treatment & Drop Forging, 
1952, vol 


19, pp. 425-432, 489-498 





Table I 
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Solubilities of elements in iron-binary systems 





Element 
f{romic 


Oo (0-01 -0-02) 


Type 1-1 


z 


Element Atomic Weight, 


Sb 


Type 1:2 
Al 


Type 2:1 
Mo 
W 


Type 2-2 
V 


Cr 


Element 
Type 1-1 
Cu 
Au 


Type 2-1 
Mn 


Type 2-2 
Co 
Ni 
Pd 
Pt 


Element 


Nb 
Ta 


Element 


B 
S 
Ce 
Zt 


(19-20) (34-35) 


26:0 
13 


continuous 
continuous 


5 
{fom Weight 
(5-5) (6°25) 


(3-0) (10-0) 
1-0 


16°5 
3-24 
3-39 
2-3 


> 


6 


ftomic, Weight. 


>.75 4-5 
> 


2 + 


5 
ftomic, Weight. 
0-15 
0-18 


0-75 
0-31 


4-5 7-2 


Class "OO" 


5 


Weight 


(0-003-0-007) 


Class I 


Temp 
if 
1165 
1200 
1050 
1340 
1125 
R35 
1130 
1002 


Class Il 


Temp 
c 
1484 

1430 


1504 


1499 
1512 
1478 
1519 


Class Ill 


Temp 
c 

1360 

1410 


Class IV 
Temp.. 
4 
1381 
1365 


1335 


Temp 
C 


1523 


Atomic, Weight, Temp.. 
7 7 c 

1050 

1170 

1150 

1150 

1150 


fromic, Weight 


7-4 


5S 
continuous 


continuous 
continuous 
continuous 
continuous 


Atomic, Weight, Temp. 
7 yy C 
2 1220 


1220 


fiomic, Weight, Temp.., 
o e ( 
1149 
988 
1060 
1330 


0-021 
0-013 
0-4 
0-8 


0-1 
0-023 
0-16 
0-5 





* Liquidus not involved. (See Fig 


Class * 


) 


Elements in this group are insoluble in solid iron. 
The liquidus and solidus are represented by horizontal 
lines extending from 0 to 100° 


Class ‘OO’ 
These elements form typical monotectic systems 


Class I 


o 


solute. 


All these elements form gamma loop systems. Solu- 
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Table II 


Cracking potency* of elements in iron-binary systems 





Element 


Be 

Si 
Pp 
Ti 
As 


Sb 
Al 

¢ 

Cu 


R.P. Factor Co 
1—K 
mal) 


5-41 
1-75 
121-1 
13-8 
40-2 
16°8 
(5-04) 
1-52 
309 


3-61 


M,, Co.| oT) 


0-054 
0-017 
1-21 

0-138 
0-402 
0-168 

(0-050) 

0-015 
3-22 


0-036 


0-01",, Co 


Max 
solid 
solubility 


40-0 
32-4 
338-9 
97-0 
442-6 
270-7 
(176) 
53- 


Mn 
Co 


0-262 
0-003 
Ni 0-029 
Nb 0-288 130- 
Ta ( 0-130 91 
B } 9-17 137 
S 9-25 166 
Zr 0-152 109- 


t 
ADPNONNNUN Ww 


A 





* Cracking may not, of course, be proportional to these factors, 
but nevertheless they serve as a good guide to their order of 
harmfulness 


bilities are greater in a than y iron but only a iron 
solidifies directly from the melt. The extent of the 
freezing ranges with type | elements varies considerably 
from short to very long, but with type 2 elements the 
freezing ranges are all very short. 


Class Il 

These elements are more soluble in y than in 4 iron; 
both y and 4 iron can exist in equilibrium with a liquid 
phase. Type | elements form short delta and long 
gamma freezing ranges and type 2 elements short 


delta and alse short gamma freezing ranges 


Class Ill 

As the Class I group, elements here are more soluble 
in 5 than y but in this case only 8 iron freezes from the 
melt. 


Class Ih 

Here both y and 4 iron can exist in contact with 
liquid, but unlike Class II elements, solubilities are 
greater in 5 than y iron. An additional feature of 
importance is that for three of the four elements in 
this group the solubilities are very small. 


Cracking tendencies 

Assuming that the extent of the freezing range is 
roughly proportional to the amount of solute (up to 
the solid solubility limit) and to the severity of crack- 
ing, then it is possible to discuss the relative effects of 
various elements in terms of the R.P. factor as has 
been done for binary aluminium alloys (see Table II). 
The discussion is, however, necessarily hypothetical 
as no weld data exists. Figure 6 shows the idealised 
correlation of cracking and composition. Note the 
detrimental effects of sulphur, boron and phosphorus, 
and minor effects of nickel, silicon and aluminium 
when present by themselves. 
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o solid solution 
¥ solid solution 








6—Effect of solute concentration on cracking, assuming that 
extent of freezing range is directly proportioned to cracking 


Class *O” 

Cracking troubles should not be experienced in 
these alloys as on initial solidification the liquid con- 
tains 100°, solute. Presumably in many cases, an 


immiscible gap exists above 1534°C. Elements in this 
group include Li, Na, Mg, K, Ca, Sc?, Rb, Sr, Y?, Ag, 
Cd, In, Cs, Ba, La?, Hg, Tc, Pb, and Bi. 


It is interesting to note that liquid Ag, Cd, Pb, and 
Bi form dihedral angles of near 180° (+ > > 5). Values 
for the other elements do not appear to have been 
determined. 


Class ‘OO’ 

Oxygen is the only element in this group, and, as the 
maximum freezing range is only about 14°C. for 
oxygen contents below 0-16°,*, cracking probably 
does not occur. In amounts greater than 0-16", the 
elements are immiscible above the monotectic tem- 
perature (1523°C.). 


Class I 
(i) Type 1-1]. Phosphorus has the lowest solubility 
(2-8°%) and is followed by Ti (7%), Be (7-4%), As 
(11-0%), Sn (16-1%), and Si (18-5°%). Here phos- 
phorus with its high R.P.F. (121) should be the most 
harmful, followed by arsenic (R.P.F.=40-2) and tin 
(R.P.F.=16°8). 

Silicon (R.P.F.=1-75) should not be harmful. 
(ii) Type 1-2. Aluminium, (R.P.F.—1-52) the only 
element here, should not be harmful. 
(iti) Type 2-1. Molybdenum and tungsten have large 
solubilities. (37-5°, and 33-0°% respectively) and very 
narrow freezing ranges and thus should not cause 
cracking. 
(iv) Type 2:2. Both elements (vanadium and chrom- 
ium) in this group form continuous solid solutions with 
iron and as type 2-1 elements have narrow freezing 
ranges; no cracking should occur. 





* Solubilities in weight °%. 


531 


Class Il 

(i) Tyre 1-1. Carbon, the only element of this type, has 
a low solubility in both 6 (0-10°,) and y (2-03°,) iron 
but in amounts up to about 0-16°, should not be very 
harmful because of the small delta freezing range; 
above this value the extended gamma freezing range 
(max.=200°C) will assume more importance but 
carbon will probably not be too harmful until it is 
present to about 0-51°, when only y iron solidifies 
fiom the melt. 

(ii) Type 1-2. Of the two elements here only copper is 
important. Gold, for a good reason, is not used as an 
alloying element. Copper has a relatively large solu- 
bility in 6 (6-25%) and y (8-5°,) iron, and should not 
be harmful until present in amounts approaching 
85°. when the gamma phase with its long freezing 
range is formed. 

(ii) Type 2. Only manganese (type 2-1) and nickel 
(type 2:2) are used as alloying elements; both have a 
relatively low solubility in 6 (1-0°, and 3-4°% respec- 
tively) iron. As type | elements the freezing ranges are 
small and cracking should not occur; the gamma 
freezing ranges are even smaller and continuous solid 
solutions are formed 


Class Ill 

Delta is the only phase which forms directly from 
the melt. Niobium with a R.P.F. of 28-8 is more 
harmful than tin but harmful than arsenic 
Tantalum (R.P.I 13) should be almost similar to 
tin. 


less 


Class I 

Two elements of this type, namely boron (R.P.F. 
917), and sulphur (R.P.F.—927) have very small 
solubilities in both 6 and y iron and their attendant 
freezing ranges are large. Their solubilities in 4 iron 
are 0-15°, and 0-18°, and in y iron 0-021°% and 
0-013°,, respectively. Of all the elements these should 
be the most harmful. 

Cerium also belongs to this group but as the binary 
diagram is not known accurately, the effect of this 
element can not be properly judged. The solubility in 

iron is about 0-4°% at 1060°C. 

The fourth element, zirconium, has a R.P.F. of 15-2 
and thus should be as harmful as tin. The maximum 
potency of tin (270) is however twice that of zirconium. 

Summarising elements which should be very harm- 
ful because of their long delta and gamma freezing 
ranges even when present in very small amounts are 
sulphur and boron and perhaps cerium. Phosphorus 
should be the next most dangerous and is followed by 
arsenic, niobium, tin, zirconium and tantalum. Ele- 
ments which are harmful only if present in sufficient 
amounts to cause gamma iron to exist in contact with 
a liquid phase, are carbon and copper. 


Cracking Tendencies of Elements in Mild and Low 
Alloy Steel 


Significance of the dihedral angle 

In binary solid solution alloys where the dihedral 
angle is only likely to attain values of just above 0° it 
has been possible to relate the severity of cracking 
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simply to the extent of the freezing range. With the 
more complex alloys, where large differences between 
the solid phase and grain boundary liquid can develop 
because of the ability of certain elements to combine 
chemically with, dissolve, or be soluble in, other ele- 
ments or phases, the dihedral angle will assume more 
importance. Here the relationship between cracking 
and the extent of the freezing much more 
comple 
Studies on non-weld samples brought to near 
equilibrium, have shown that, generally, when a third 
element is added to a binary alloy, the dihedral angle 
will increase if the third element is more soluble in the 
liquid than the solid. (Conversely, increasing mutual 
solubility of the solid and liquid phases lowers the 
interfacial energies.) Whether this occurs under weld- 
ing conditions is a matter for experiment. The fact that 
high dihedral angle phases are sometimes found in 
samples would indicate that it does in certain 
notably when FeO is present. The chances of 
this happening are increased presumably, when there 
combination of 
Mn and §S to form MnS), and also when the events 
take place just below the liquidus. Measurements*:® of 
juilibrium conditions, ina pure iron—sulphut 
S) have been made and it was found that 
1200°C. and to 
increased @ and 
Silicon (1°,) 
little or no effect on the sulphide 
n aluminium was added the sulphide 
1300 C. as did the 
nium-free samples; instead a chain type structure 
1 with individual sulphide particles having 
ingles of 20-30. With small amounts of 
1300° was just finite thus 
only slightly modified the liquid 


range is 


weld 


Cases 


is a definite chemical interaction (e.z.. 


#. under ¢ 


5 
illoy (0-12 


it YSS it decreased to 20° at 


Adding 


melting temperature 


/was 30 
vero at 1300 ( manganese 
ippeared to have 
distribution Whe 
lid not form a continuous film at 


alum 


He 


dihedral angle at 


oxveen tne 
ndicating that oxygen 
ron interfacial energy 

As during welding 
obtained, the 


these events 


equilibrium conditions are not 
forgoing can only serve as a guide and 
must be interpreted remembering that 
during the solidification 

amount of solute which enters the 
grain Certainly elements forming 
low dihedral angles should be harmful in welds 


segregation 


and 


occurs process 
dictates the 


boundary liquid 


Cracking in mild steel 

Mild steel 1s essentially a low carbon iron containing 
small amounts of manganese and silicon. Sulphur and 
phosphorus are also present in amounts up to 0-05 
each and are regarded as harmful impurities as they 
are known to cause cracking. Manganese is beneficial 
and reduces the effects due to sulphur. Manganese 
also acts as a deoxidiser (weak) as does silicon (strong). 
Carbon, the essential ingredient, is known to promote 
cracking when present in amounts exceeding about 
0-15 wt 

Since the general effects of carbon, manganese and 
sulphur are widely known'! and to a large extent 
interrelated it is proposed to discuss these elements 
first 

All th 


welding process unless otherwise stated 


discussed refer to the metal arc 


weld data 
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Effect of carbon content and MoS ratio on severity of hot 


racking in Murex test on mild steel plates 














M/S RATIO 


J ; 
8 —Influence and manganese contents of weld 


metal on hot cracking tendency during 


, 

of carbon, suipnur 
i 

tbmerged-arc welding, 


using low silicon flux. free from manganese 


sulphur on cracking in mild steel weld metal has been 
investigated by Podgaetskii'* and Jones'® (Figs. 7 and 
8). Podgaetskii using a single Tee weld cracking test 
found that all welds containing more than 0-16%C 
cracked irrespective of the Mn/S ratio (maximum 
ratio investigated was 40). Jones, using the Murex hot 
cracking machine, investigated the effect of the Mn/S 
ratio up to a value of 59. Jones concluded that “‘in the 
range 0-06-0-11°,C, the Mn/S ratio is the controlling 
factor, crack-free welds being obtained for Mn/S 
ratios exceeding about 22. Above 0-11°.C carbon 
content becomes more important but freedom from 
cracking is still obtainable by increasing the Mn/S 
ratio to 30. With carbon contents over 0-13, cracking 
is more prevalent, but high Mn/S is still beneficial 
even at the highest level of carbon investigated. The 
highest carbon content for which a completely crack- 
free weld was obtained was 0-155°, with a Mn/S ratio 
of 59.” 

An alternate method of plotting Jones’ results (given 
in his Table 1) is shown in Fig. 9 and demonstrates that 
(a) at a carbon content of about 0-08-0-09",, cracking 
is apparently more severe than at a higher carbon 
level (up to 0-13°%); (b) increasing the carbon con- 
tent from 0-13 to 0-15°% produces a marked change 
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9—Fffect of Mn §S ratio on cracking for 


in the cracking susceptibility; and (c) at and above 
0-15°, carbon increasing the Mn/S ratio only reduces 
cracking slightly. 
(Note: The nil crack length obtained by Jones at 
0-155°%, carbon with a Mn/S ratio of 59 warrants 
further investigation). 

These results are interpreted by the present author 
as follows: 
0-084-0-13°% carbon 

At low Mn/S ratios, sulphur is the element primarily 
responsible for cracking and annulls any effect due to 
carbon. At high Mn/S ratios there is a small effect 
produced by carbon and it is associated with a widen- 
ing of the delta freezing range which probably reaches 
a maximum at about 0-07-0-085°%% carbon. Above 
this level the shortening of freezing range causes a 
reduction in cracking. 


Above 0-13 °, carbon 

Above 0-13°, carbon there is an extremely rapid 
increase in cracking, which appears to be associated 
with the peritectic composition (0-16°, carbon), and 
although the extent of the freezing range starts te 
increase again at this point, this cannot be the reason 
for the marked increase in cracking (rapid rather than 
gradual), as the actual increase is very much greater 
than is to be expected from consideration of freezing 
range concepts alone. 

There is no doubt that carbon is instrumental in 
causing cracking and since it is a strong austeniser 
(class I! element) it seems likely that its chief role is to 
increase the amount of y iron initially solidifying, and 
to raise the y/5+-y phase boundary thus bringing the 
liquid into contact with y iron at a higher temperature. 
Also because of the increased solubility of manganese 
and reduced solubility of sulphur in y iron, the net 
effect of adding carbon is to increase the relative 
amounts of iron and sulphur in the grain boundary 
liguid thus decreasing @ and increasing the freezing 
range. This will increase the severity of cracking. 

The dramatic increase in cracking for only a small 


various carbon levels (Data from Ref. 13) 


addition of solute is similar to the situation experienc- 
ed with chromium-—nickel austenitic steels where, as 
the last amounts of delta ferrite vanish (as observed 
at room temperature) the crack sensitivity increases 
rapidly. 

At carbon contents of greater than about 0-15 % 
where high Mn/S ratios have only a small effect it is 
reasonable to suppose that other elements which are 
not counteracted by manganese (e.¢g., phosphorus) are 
exerting a much greater effect because of their reduced 
solubility in austenite. Carbon itself will, of course, 
cause cracking if present in sufficient amounts to 
widen the freezing range. On the basis of its effect in 
delta iron, it should be possible to detect a small effect 
due to carbon at about 0-3 °%%. 

Manganese, being a class II element, is also an 
austeniser, but in comparison with carbon it is much 
less potent. Furthermore the manganese is to some 
extent rendered less effective by combining with sul- 
phur, and in some cases oxygen. The relative austenis- 
ing powers of carbon and manganese may be estimated 
by assessing their ability to form austenite. Using the 
peritectic composition as a basis for comparison then 
the relative austenising powers are: 


C=1 Mn 78 


Phosphorus 

There is some evidence?! that phosphorus increases 
hot cracking in mild steel weld metal; detailed data are 
lacking however and do not permit a critical 
appraisal to be made. Rollason and Roberts™ using 
the Murex hot cracking machine found that the crack 
length increased from zero to 1-7 in. when the phos- 
phorus was increased from 0-039 °% to 0-072°% (Table 
III). It is to be noted that the carbon content of the 
authors’ samples was 0-125-0-130°, which indicates 
that the Mn/S ratio (greater than 23) should have been 
sufficient to prevent sulphur causing cracking. How- 
ever in view of the nearness of the carbon content to 
the critical 0-13°¢ level, this result seems worthy of a 
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Table Il 
Effect of silicon and phosphorus on Murex hot crack length'* 





Crack 
Length 


Weld Metal Analysis, 
( ode ‘> wi 
Mn S P Si 
0-02 0-039 
0-022 0-072 
0-026 0-056 
0-128 0-042 


Effect of 


0-55 
0-51 
0-50 
0-53 


Phosphorus 


Silicon 





further study. Stieler'® also found that 0-071 °, phos- 
phorus caused cracking when making welds, but in 
his case the weld metal carbon content was 0-14", and 
the Mn/S ratio 16-5. It is likely, therefore, that sulphur 
was a contributory factor causing cracking. Reeve'® 
did not encounter cracking in welds made in restrained 
joints with phosphorus contents up to 0-128 °,. 


It is interesting to note that the silicon content of 


Reeve’s samples were all much less than 0-1", suggest- 
ing that FeO inclusion existed in the weld (in the case 
of the 0-128°, phosphorus the silicon content was 
0-033 ) 

Helin and Svantesson'’ comment that in amounts 
up to 0-07 phosphorus has only a slight effect in 
normal weld metals. No data are offered 

According to the assumptions already made in this 
paper, the R.P.F. for phosphorus in the binary system 
is 121 and is 7-4 times smaller than that of sulphur, 
the next harmful element. Therefore in a low 
carbon 0-13°,C) and in the absence of the 
complicating effects of manganese, sulphur and silicon, 


most 


steel ( 


phosphorus would not appear to be very harmful 
certainly not as harmful as sulphur. In a high carbon 
0-13°.C) when austenite is one of the 6 phases 
initially solidifying, phosphorus would be more potent, 
but as yet it is not possible to say how much 


steel ( 


irseni« 

Using the Reeve fillet weld, and controlled thermal 
severity one author'® found that cracking 
occurred when the arsenic content of the weld bead 
exceeded about 0-2 With the Murex hot crack 
machine he found a detectable effect at 0-17°,. This 
level of arsenic is of course, 4—5 times higher than is 
present in normal steels, and as such would not be 
harmful in normal welding practice 

Arsenic would tend to act like phosphorus in its 
manner to cause cracking, though in view of its lesser 
tendency to segregate (R.P.F.—40), it should 
harmful 


tests 


be less 


Silicon 

Rollason and Roberts™ that silicon is 
harmful because of its tendency to increase the segre- 
gation of sulphur. These authors, however, do not 
present firm evidence to support their statement. In 
fact the data they gained to show the effect of silicon 
do not appear to be valid as their higher silicon weld 
metal also contained 0-128°, sulphur, giving a Mn/S 
ratio of only 4:5 (carbon=0-10",) (Table III). 

Reeve'® whilst thinking that silicon assisted sulphur 
in segregating also suggested that silicon was harmful 
owing to its deoxidising action. This aspect will be 
discussed in the next section on the effect of oxygen. 


suggest 


In the present author’s view, silicon by itself in 
amounts up to 1-0° in a low carbon (<0-13°,) steel, 
is only slightly harmful, for the maximum extent of the 
freezing range only amounts to about 50°. It is also 
slightly beneficial as it increases the solid solubility 
of carbon (about 0-15°.C at 1-0°,Si), and being a 
class I element also lowers the 5+-y/y phase boundary. 
This latter beneficial effect would however only be 
noticed when an element other than silicon (e.g., S) 
was harmful. These benefits are obviously not con- 
ferred by other class I elements such as phosphorus 
and arsenic, as they are harmful even in ferritic steels. 


Oxygen 

Oxygen in mild steel should not be harmful, as 
below the monotectic temperature of 1523°C. the 
liquid contains about 22°, oxygen, and is very differ- 
ent from the iron solid solution which contains much 
less than 0-01°, oxygen and the iron oxide formed 
tends to ball up as a consequence of the high dihedral 
angle developed. Iron oxide (FeO) globules are good 
examples of this. 

Iron oxide having a certain solubility for iron sul- 
phide should tend to reduce cracking caused by 
sulphur, as in fact the work of Swinden and Tremlett'® 
and Reeve'® shows. The paper by Swinden and 
Tremlett on the welding of high sulphur free cutting 
steels (0-24°,S) is particularly interesting as in pre- 
liminary experiments they noted that a highly oxidised, 
but manganese free weld deposited under an oxidising 
slag was better as regards crack resistance than others 
containing manganese deposited under normal slags. 
Following this lead, they investigated several types of 
dead soft and mild steel electrodes and found that all 
the welds made with the mild steel electrodes contained 
visual cracks, whereas welds made with the dead soft 
electrodes were free from such cracks. Reeve in a later 
investigation, also found that dead soft (oxidised) 
weld metal was extremely resistant to the effects of 
normal amounts of sulphur. Increasing the silicon 
content was harmful due to the higher state of deoxi- 
dation. Examining his welds Reeve found that the 
uncracked samples contained greater quantities of 
sulphur combined with the larger oxide globules, and 
he suggested that this prevented intergranular net- 
works of FeS which were regarded as the cause of 
cracking. 

It is for these events that the ‘generalised theory’ is 
most applicable and explains why oxygen can be 
beneficial and silicon detrimental. Oxygen of course, 
is not harmful because the dihedral angle increases to 
a large angle during the first moments of solidifica- 
tion. Further, it is beneficial when it is able to dissolve 
an element which is normally harmful (e.g., S). If 
however it interacts with a third element (e.g., Si) to 
form a phase or compound which has a much reduced 
solubility for the harmful element, it is rendered in- 
effective. Manganese is also a deoxidiser and as it 
reduces the amount of FeO inclusions in weld metal*® 
it should act in a similar manner to silicon. In doing 
this however it is less potent than silicon, for the 
following reasons: (a) it is a weaker deoxidiser, and 
(b) it tends to form (MnFe)S which has a higher 
melting point and larger dihedral angle than FeS. 
Thus the first additions of manganese increase crack- 
ing whilst further amounts reduce cracking. Silicon 
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Table IV 


Effect of chemical composition on crack resistance (Single-Tee Test)'* 





Weld Metal Analysis, wt.°,, 
Mn S P 
0-81 0-031 0-025 
0-48 0-035 0-028 
0-87 0-034 0-027 
0-88 0-040 0-030 
1-12 0-057 0-054 
1:29 0-027 0-030 


MnS 
Ratio 


26:2 No 


Cracks (C)*(O) 


O N 
0:0316 0-0050 
0-0291 0-005! 13-7 
0-0366 0-0038 25-5 
0-0300 0-0065 22 
0-0273 0-0051 18-3 
0-0178 0-0026 48 


0-004] 
0-0044 
0-0058 
0-0057 
0-0082 
0-0058 





does not reduce cracking because it does not combine 
with sulphur. 

It has been thought that the effect of carbon on hot 
cracking is also related to its deoxidising action. 
However, Podgaetskii'* carried out some experiments 
to investigate this and concluded that cracked welds 
contained less oxygen than those without cracks but 
the difference in oxygen content between the two 
groups was very small (Table IV). He does not, how- 
ever, comment on the nature of oxides formed. 
Presumably his figures indicate ‘total’ oxygen. Pod- 
gaetskii concluded that carbon itself was exerting a 
much greater effect than oxygen. Since the silicon 
content of the welds varied considerably, the data for 
the samples that did not crack are worthy of further 
study. For instance at a Mn/S ratio of approximately 
26 the welds containing 0-13°, and 0-16°,, carbon did 
not crack. Normally the higher carbon weld should 
be crack sensitive. (See Podgaetsku line—Figure 7). The 
silicon content of this weld was 0-18°.: the other 
uncracked weld contained 0-11°. Si. Another weld 
containing 0-15°, carbon and 0-07°, silicon also did 
not crack despite its relatively low Mn/S ratio (13-7). 
Perhaps this weld contained iron oxide (with sulphides) 
in the globular form 

It is quite evident that it is not the oxygen content 
itself which is important but the quantity, manner and 
distribution in which the oxides exist. Deoxidation 
practice in steelmaking might therefore play an im- 
portant role in hot cracking. This aspect is very 
worthy of a detailed study. 


{/uminium 

Aluminium is a very strong deoxidiser and is often 
added to steels as a grain refiner. In view of its deoxida- 
tion characteristics, it should, therefore, act in a 


Table V 


Preliminary Murex hot-cracking tests on mild steel plates with 
aluminium additions'* 





BS.1719 Electrode Plate Alin Weld Crack Length, 


Class Code Metal, °. in 
E219 B 0-03 0-8 
E219 0-8 
E319 Calorised 0-07 1-55 
E319 mild steel 1-3 
E616 0-14 nil 
E616 / nil 
E219 B 0-3 
E319 E Mild steel 1-75 
E616 AO nil 
E616 AO) 0-2 





similar but more potent manner to silicon. In steel 
castings there is some evidence*! for this. For instance 
when present in amounts exceeding about 0-005% 
aluminium is very harmful because it produces Type 
Il (intergranular) sulphide films; greater amounts of 
aluminium produce the less harmful Type III (angular) 
particles. Presumably the first additions of aluminium 
deoxidise the metal, thus removing the beneficial 
effects of oxygen, and forming an ‘active’ FeS of low 
dihedral angle whilst further additions tend to com- 
bine with sulphur forming (AlFe)S of higher dihedral 
angle. The melting point of AIS is 1200°C. and is not 
much higher than that of FeS (1190°C.). 

Few data are available for the effect of aluminium 
on hot cracking in mild steel welds. Jones,'* using the 
Murex hot cracking machine concluded that “the 
effect of aluminium on hot cracking does not appear 
to be very great’ (Table V). Gregory,** on the other 
hand, in an examination of some welded rimming 
steel components, found that aluminium caused the 
formation of inter-granular films and consequent 
cracking when present in amounts somewhere in the 
range 0-0075-0-040°,. The Mn/S ratio was about 
11-13, and on the basis of Podgaetskii'* results would 
not be sufficient to stop cracking in a deoxidised 
(silicon) weld. The Mn/S ratio of the welds examined 
by Jones may have been much greater. Alternatively 
his aluminium content may have been too high to 
show a detrimental effect. 


Cracking in low alloy steels 


For the purposes of this paper it is considered that a 
low alloy steel is one which contains less than about 
6-0°,, total alloy additions. The addition of elements 
in these amounts is assumed not to affect the solu- 
bility of other elements. This would not be the case in 
high alloy steel. 


Nickel 

Rollason and Roberts'* and Jones'*® using the 
Murex hot cracking machine found that nickel addi- 
tions to mild steel caused increased cracking. (Tables 
VI and VII). According to Jones the electrodes used 
varied considerably in their tolerance for nickel and 
although there was a trend for weld metals of high 
Mn/S ratio to withstand more nickel without cracking 
than those with a low Mn/S ratio, the correlation was 
poor. 

A completely satisfactory explanation for the effect 
of nickel has not been advanced. Rollason and Roberts 
suggest that for a given sulphur content, nickel is 
instrumental in increasing the amount of grain boun- 
dary sulphide and consequent cracking. Williams ef 
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Table VI al'' suggest that its effect may be related to the low 
= ieteg : snesl ‘ melting point of NiS (920°C.). 
Effect of nickel on Murex hot crack length £p 


The results of Jones have been plotted (by the 
present author) on the diagram showing the effect of 




















Cracking Wire Ni Content, Cracking . 
Length (Ninil),in. Leneth. with Ni,in, ©atbon and the Mn/S ratio on cracking (Fig. 10); it 
0-08 will be seen that the results for welds containing more 
E.3172 0-32 1} than about 0-5°, nickel are generally similar to those 
0-60 3 containing 0-15°,, or more carbon. Also the crack 
oe yg aoe length increases rapidly at the appropriate nickel 
Low Mn (0-35) deposit 1 it ar . content rather than gradually as would happen if 
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10—Effect of Mn’S ratio on cracking for various nickel contents (See Table VII) (Data from Ref. 13) 


Table VII 


Murex hot-cracking tests on mild steel plates with nickel wire additions’ 





Carbon* ’ Electrode Ni Wires Added Composition, Crack Length, 

Class Cock No Dia., in Min Ss Ni in 

0-061-0-093 E.319 i None 0-42 0-029 nil 1-4 
l 0-0164 0-40 1°65 
2 0-0164 0-88 2-05 

3 0-0164 0-39 0-027 1-26 2:2 

0-094 E.646 AP none 0-49 0-024 trace 0-5 
1 0-0116 0-16 0-45 

| 0-0164 0-42 2:0 

2 0-0164 0-51 0-024 0-79 2:2 

0-066—-0-084 E.614 N none 0-62 0-020 nil nil 
l 0-0164 0-42 nil 

2 0-0164 0-83 0:37 
3 0-0164 1-26 0-37 

4 0-0164 0-70 0-018 1-60 2:0 

6 0-0164 2-36 2:2 

0-093-0-111 E.616 AO none nil 
l 0-O116 0-24 0-7 
l 0-0164 0-47 1-8§ 

2 0-0164 0-65 1-9 
3 0-0164 0-86 0-019 0-79 2°15 

0-105 E.616 AQ none 1-02 0-024 trace nil 
0-0164 0-40 0-1 

2 0-0164 0-63 nil 

3 0-0164 0-95 0-020 0-83 2-0 





* Not in original table t Porous start § Porous weld 
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Table VIII 


Chemical composition of commercial steel plate investigated by Jones' 





Designation Type ( Si 
Fortiweld Il Mo 0-11 0-19 
D Mn-Ni-Cr-Mo 0-16 0-22 
Ducol W 25 Mn-Mo 0-19 0-05 
E27(HC) Ni-Cr—-Mo-\ 0:51 0-23 


Composition, 


.) P Min Ni Mo B 
0-040 0-034 0-55 0-49 0-0028 
0-039 0-016 1-05 1-13 1-02 0-31 
0-025 0-019 1-48 0-33 0-10 0-28 

0-014 0-55 3-30 0-71 0-65 





carbon. The relative power of nickel is 1/28 and so 
0-5°,Ni is equivalent to 0-018°,C. Whether the effect 
of nickel is additive to carbon is not known for 
certain. However the range of carbon contents of the 
welds investigated by Jones is included in Table VII 
for comparison, and it will be seen that the electrode 
having the best tolerance for nickel could have had 
the lowest carbon content. Two tests on a Steel plate 
(designation 1D) containing 2:34°,Ni and 0-21°.¢ 
gave crack lengths of 0-3 in. and nil, thus possibly 
indicating that in amounts up to about | °,, (assuming 
50°, dilution) nickel had no effect. Unfortunately, no 
weld compositions are given 

Another effect of nickel may be to replace Mn in 
the (FeMn)S lowering the melting temperature and 
dihedral angle.* The sulphides found in mild steel 
welds containing 0-60°,.Ni examined by Rollason and 
Roberts" resisted balling up at 1000°C. 


Copper 

The American Welding Handbook states that “‘weld 
cracking difficulties have been attributed to copper 
but this depends on the process used and the remaining 
composition of the steel’. Adding 0-99°, copper to 
mild steel Jones!® found that the cracking suscepti- 
bility increased slightly. 


* The effect of nickel in increasing the dihedral angle is 
sumed to be less potent than manganese 


pre- 


rr - rw 
LO plete 


cracking 








According to the generalised theory copper (1 °,) 
should not be harmful in the iron binary system which 
initially solidifies as 6 iron. 

In mild steel however the effect is probably very 
much dependant on the amount of austeniser present, 
particularly carbon, as these elements raise the 
austenite/ferrite phase boundary, thus bringing copper 
containing liquid into contact with austenite at higher 
temperatures 

It is interesting to note at this juncture that the 
interfacial energy of liquid copper sulphide (Cu,S) 
against gamma iron (1105°C.) ts 470 ergs/cm® as 
opposed to that of 430 ergs/cm* for liquid copper. 
This means that Cu,S sulphide forms a higher dihedral 
angle than does copper or sulphur. In certain circum- 
stances therefore it seems possible that copper and 
sulphur by themselves might be bad whereas when they 
are present together in the required proportions, they 
would not be harmful 

The austenising power of copper relative to carbon 
is approximately 1/50 


Chromium 
id hoc experiments by Jones'* indicate that 0-83° 
chromium does not increase cracking. 


Molybdenum 
According to Apold** molybdenum often helps to 
counteract crack sensitivity and is due to its effect in 
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11—Effect of Mn/S ratio on cracking in commercial steels (See Table VIII) (Data from Ref. 13) 
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Table IX 


Chemical composition of experimental steels* 





Composition, ° 


Heat c 

\ 0-20 

B 0-40 
( 0-59 
D 0-40 
I 0-35 
f 0-43 
0-38 
H 0-40 
I* Split heat 
17 


Ni 
07 
91 
93 
84 
84 
86 
RS 
71 


—— ot om ome KD 


Cr S 
0-91 0-008 
0-78 0-004 
0-81 0-006 
0-83 0-015 
0-81 0-036 
0-86 0-006 
0-88 0-007 
0-80 0-031 

0-025 
0-014 


P 
0-010 
0-004 
0-007 
0-012 
0-011 
0-017 
0-039 
0-009 


0-005 
0-006 
0-006 





*O-15 
0-30 


rare-earth metal added to Heat H 
rare-earth metal added to Heat H 


conferring strength and toughness at hig 
tures. No evidence is presented. 


h tempera- 


Commercial Steels and Experimental Alloys 

Jones'* has investigated the effect of the Mn/S ratio 
in commercial steels (Table VIII). His results, plotted 
in Fig. 11, show that steels D and Ducol W25 are 
similar to mild steel, containing less than 0-13°,C; the 
boron-containing Fortiweld Il slightly worse, 
indicating that boron, even in very small amounts, 
potent crack former, and the high carbon (0-51 
nickel (3-30°,) steel E27 (HC) is similar to mild steel, 
solidifying initially mainly austenite. Presumably, 
except for Fortiweld Il, sulphur and phosphorus are 


Is 
isa 


’.) and 


as 


mainly responsible for cracking, and the position of 


the steels on the diagram is determined by whether 
they solidify ferrite or austenite. There no 
definite ‘in-between’ position. Fortiweld II results, 
however fall in the intermediate position, and demon- 
strate that boron is roughly equally harmful in ferrite 
as it is in austenite. Since boron is neither a strong 
ferrite nor austenite former and is only slightly soluble 
in both this result is not unexpected 

In investigating* some experimental alloy simulat- 
ing type SAE 43XX and SAE 4340 steels (Table IX) 
initially solidifying austenite, Sopher et a/** 
found that carbon (0-20-0-59°.) had a minor effect. 
but sulphur and phosphorus were quite harmful in 
amounts greater than about 0-01 °, (Fig. 12). If these 
results are analysed it will be noted that sulphur and 
phosphorus are about equal in their effects, and that 
they start to become harmful when their combined 
total exceeds about 0-013 Looked at in another 
way sulphur appears to decrease the crack resistance 
when the Mn/S ratio drops below about 60-70. This is 
interesting, as the plot of Jones’ results for carbon 
contents in excess of 0-15°, (Fig. 9) shows that the 
Mn/S ratio confers benefits up to about 50: thereafter 
it does very little in the way of reducing cracking. 
Sopher®® also finds that additions of misch metal 
increase the cracking resistance, and that its action is 
due in part to the balling up of the remaining sulphides 
(Fig. 12). This is a further indication of the dihedral 
angle effect. Work by Wilkinson et a/**.*’ also shows 
that sulphur and phosphorus are extremely harmful.t 


as IS 


as 


* Consumable electrode process 
t Argonarc process 
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Lowe et al** found that silicon (1-67°.) when added 
to SAE 4340 steel was not harmful except in regard 
to cold cracking 


Discussion 


To develop a general explanation of cracking it is 
useful to consider first the effects of elements in binary 
alloys particularly in their action in widening the 
freezing range. It is assumed that the severity of crack- 
ing is approximately proportional to the extent of the 
freezing range, which in turn is proportional to the 
C.S.R. where cracking occurs 

The various binary diagrams are divided into classes 
according to their constitutional features (Fig. 5) and 
the unit increase in the freezing range per unit weight 


1A 
solute | M ww ) which is called the Relative Potency 


Factor has been calculated for several elements (Table 
11). These factors can also serve as a guide to the effect 
of elements in mild and low alloy steels. 


Binary alloys 
Elements in class ‘O° system are not harmful as on 
initial solidification the liquid composition is 100% 
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solute, and dihedral angles of near 180° are developed. 
In class ‘OO’, of which oxygen is apparently the only 
member, cracking should not normally occur even for 
alloys containing less than 0-16°, oxygen because at 
worst the harmful condition (@ near 0°) only exists 
for about 14°C. Further, below the monotectic tem- 
perature the dihedral angle should increase to a large 
value. If however, because of the rapid rate of cooling 
the ‘almost continuous’ film state persists below the 
monotectic temperature, cracking could probably be 
very severe. At oxygen contents above 0-16°,, the 
immiscibility of the components should prevent films 
being formed. In class I systems the most harmful 
elements are phosphorus and arsenic which have R.P. 
Factors of 121 and 40 respectively. Next comes tin 
(R.P.F.=16) and then titanium (R.P.F.=14). Silicon 
(R.P.F.=2) and aluminium (R.P.F.=1-5) are only 
very slightly harmful and under normal welding con- 
ditions should not cause cracking. Elements in class I 
alloy are characterised by their short delta freezing 
ranges and except perhaps for carbon which has a 
maximum freezing range of about 32, should not 
cause cracking when present in amounts not exceeding 
the peritectic composition. Above this, type | ele- 
ments, carbon and copper form long gamma freezing 
ranges and are thus harmful, particularly copper which 
has an almost vertical solidus at 8-5° Cu. Type 2 
elements (Mn, Co, Ni, Pd, and Pt) have very short 
gamma freezing ranges and should not cause trouble. 
Niobium and tantalum, the only elements in class III 
systems, have R.P. Factors of 29 and 13 and should be 
a little less harmful than arsenic. In class IV sulphur 
and boron have extremely high R.P. Factors, being 
925* and 917 respectively. Zirconium has a factor of 
15. The value of cerium is not known. However on the 
assumption that cerium belongs to this group, the 
maximum solid solubility in delta ferrite must be 
greater than 0-4°, and the R.P. Factor not more than 
354. 

Summarising, the most harmful elements in de- 
creasing order of potency are: 

S B (Ce?) P As Nb Sn Zr and Ta 

(Note. No class II elements are included). 


Mild and low alloy steels 

The elements which can cause cracking in binary 
alloys will also be, probably, as harmful per se in 
alloys initially solidifying mainly as ferrite. Now, 
as their solubilities are less in austenite than ferrite, 
they will be more harmful in alloys mainly solidifying 
as austenite, though the order of potency might be 
slightly changed. In addition other class I type | 
elements such as silicon might also assume more 
importance though to the author’s mind they will be 
very much less potent than phosphorus. Carbon and 
copper, the type | elements in class II systems could 
also be harmful, particularly copper. 

Of all the elements normally occurring in commer- 
cial steels sulphur and phosphorus are probably the 
most prominent and are the elements mainly respon- 
sible for cracking. 

Class II elements can act as crack promoters as they 
are austenite formers and tend to replace the less 
crack-sensitive ferrite structures. However, of these 





* In very dilute solution this value can be 2-3 times higher. 
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elements carbon and nickel are the only ones powerful 
enough in small quantities to produce a significant 
effect. By the same reasoning class I elements being 
ferritisers should be beneficial when added to aus- 
tenitic alloys. Here, molybdenum, tungsten, vanadium 
and chromium should confer the most beneficial 
effects. On the other hand class I elements like phos- 
phorus and arsenic should not be added as they 
themselves are harmful in ferritic structures. This 
Situation is similar to that experienced in austenitic 
Stainless steels where some ferrite forming elements are 
harmful unless in sufficient quantities to form ferrite.” 

Certain elements can act to promote or reduce 
cracking in other ways. For instance oxygen is bene- 
ficial because of the large dihedral angle developed 
and its ability to absorb a certain quantity of FeS. 
Additions of aluminium and silicon are detrimental 
as they are deoxidisers and form oxides thus reactivat- 
ing the FeS. Excess quantities of aluminium should 
tend to reduce cracking as it combines with sulphur. 
Silicon does not. Other sulphide formers which are 
beneficial are La, Ce, Zr, Ti, and Mn. Here La should 
be the most useful element because of its high heat of 
formation (—125,000 cal/g.mol) and high melting 
point sulphide (>2000°C.) which ensures that it ts 
precipitated early in the solidification process.¢ Fur- 
thermore being a class ‘O’ element, lanthanum in excess 
quantities should not be harmful. Cerium, another 
element which tends to form a high meiting point 
sulphide and has a high heat of formation (— 114000 
cal/g/mal) should also be very useful. However in 
view of it being a class IV element it could be harmful 
in excess amounts. It might be thought also that 
zirconium and titanium should be better than man- 
ganese additions since they produce more stable 
sulphides than manganese. However since it segre- 
gates more during solidification, manganese is likely 
to be the more beneficial. 

It also seems likely that effect of manganese is not 
always associated with MnS which has a melting point 
of 1610°C. but in many cases its main effect will be to 
form a mixed sulphide (FeMn)S which has a higher 
melting point and dihedral angle than FeS, both 
effects contributing towards the reduction in cracking 
obtained. The melting point of NiS (920°C.) is lower 
than that of FeS and presumably would form a low 
melting sulphide of high dihedral angle, however 
adding nickel, stabilises the austenitic structure which 
makes matters worse. 


Preventing cracking in mild steel 
Jones'*® has suggested a weld metal composition 
which should not be prone to cracking. This is: 
ih 0-15 max 
Mn 0-80 min. 
S 0-035 max 
Mn S ratio 35 min 
Ni 1-0 max. 


(Note that with 0-80 Mn and 0-035 the Mn/S ratio is 
about 23). 

Re-interpreting the results gained by Jones the 
following composition is suggested: 





+ It is rather interesting also to note that lanthanum has a very 
high solubility for hydrogen being about 2000 times that of 
hydrogen at 1000°C 
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( 0-12 max 
Mn 0-50 min 
Ss 0-035 max 
P 0-040 max 
Mn /S ratio 14-3 min 


This should be suitable for welds made under low 
restraint. For more severe conditions, and where good 
impact properties are desired the manganese should 
be increased, 0-8-1 being sufficient in the majority 


ot cases 


Preventing cracking in low alloy steels 

Ideally, the most suitable weld metal composition 
would be one initially solidifying mainly as ferrite. The 
ratio of and ferritisers should thus be 
balanced to obtain this. Where this is impossible, then 
the sulphur and phosphorus should be reduced to a 
level: in some applications where high 
strength and notch toughness is desired the 
amounts should not exceed 0-005 each, the Mn/S 
ratio being greater than about 70. Some additional 
benefit, particularly in regard to weld metal properties, 
may be obtained possibly by also reducing the arsenic 
and antimony content, though experimental evidence 
for this has not yet been obtained as far as the author 
Is awar>e 

It is not possible to recommend weld metal compo- 
sitions which should be free from cracking as suitable 
data do not yet exist. However it jis obvious that 
high carbon and nickel* contents are harmful unless 
sulphur and phosphorus contents are strictly con- 
trolled. Molybdenum, vanadium and chromium 
should be beneficial, as should also be manganese, 
lanthanum, and cerium in controlled amounts. Boron 
should be harmful 


austenisers 


very low 


good 


* It would be interesting to know the solubility of carbon in an 
alloy containing 3-4°.Ni. The effect of carbon at this level 
may not be additive, in fact the solubility of carbon might 
be relatively higt 
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Finally, it is generally recognised that the effect of 
minor elements becomes more important as the 
strength of the material is increased; the steels dis- 
cussed here should not be an exception to this rule. 
Ihus in ultra-high strength steels it is likely that the 
permissible limits of sulphur and phosphorus will 
decrease; also it is likely that elements such as arsenic 
and tin will assume more importance 

Normally class ‘O’ elements should not be harmful; 
it is a possibility however that in certain alloys con- 
taining perhaps a high proportion of a major element, 
these insoluble elements will become slightly soluble and 
therefore might be dangerous. This is an aspect which 
cannot be commented upon at the moment through 
lack of knowledge, it is however an important aspect 
that must be studied. The results may well explain the 
“anomalies” which so often confront the investigator. 
The effect of deoxidation practice on “weldability” 
should also be studied in view of the interrelated 
effects of manganese, sulphur, silicon, aluminium and 
oxygen. 


Conclusions 


(1) The most harmful elements causing cracking in 
ferritic steels are, in decreasing order of potency 
S, B, (Ce?), P, As, Nb, Sn, Zr, and Ta 
(2) Carbon and copper in addition to the elements 
in (1) are harmful in austenitic steels. 
(3) Carbon and nickel are crack promoters as they 
are austenisers while molybdenum, vanadium and 


chromium, being ferrite formers, are beneficial 

(4) Sulphide formers, lanthanum, cerium and man- 
ganese are beneficial. Lanthanum should be the most 
useful addition 

(5) Deoxidisers such as aluminium and silicon can 
be harmful when added to a high oxygen, low man- 
ganese mild steel 
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Influence of Artificially Induced Residual 
Stresses on Fatigue Strength of Load- 
Carrying Fillet Welded Joints in Mild Steel 


By TR. Gurney. 


M.A., A.M.LC.E. 


The report contains details of fatigue tests carried out to determine 
whether spot heating and local compression, which are known to 


produce a considerable increase in 
containing non-load-carrving welds, 
of specimens with load-carrying we 
be increased by about 100°, at 2 


REVIOUS work by Puchner,' whose results were 

confirmed by the present author, and Nekanda 

T'repka? showed that a large increase in the fatigue 
strength of specimens containing discontinuous longi- 
tudinal welds could be obtained by spot heating to 
introduce compressive residual stresses at the notch 
at the end of the weld. Further, it has been shown® 
that a similar increase in strength is obiainable by 
introducing the residual stresses mechanically by local 
compression. All these results, however, were obtained 
on specimens in which the welds were basically non- 
load-carrying. 

In view of this it was decided to carry out further 
tests to determine whether similar increases could be 
produced in the fatigue strength of specimens con- 
taining load-carrying fillet welds, i.e., specimens in 
which the load was transferred through the weld in 
shear. The results of this programme, which included 
tests under both pulsating tension and alternating load 
cycles, are given in this report. In the course of the 
investigation it became necessary to examine, in great- 
er detail than had been intended, the effect of certain 
aspects of specimen geometry on fatigue strength, and 
the results of this subsidiary investigation are also 
given. 


Test Specimens 
Material 
The material used in this programme of tests was 
} in. and 3 in. thick mild steel plate which complied 
essentially with BS.15, Structural Steel for Bridges and 
General Building Construction. The } in. thick mate- 
rial was a basic open-hearth semi-killed steel: the 
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the fatigue strength of specimens 
also improve the fatigue behaviour 


Ids. It is shown that strength can 


108 cycles. 


origin of the ~ in. thick plate is not known. The 
chemical analyses and mechanical properties of the 
materials are shown in Tables I and II, from which it 
will be seen that there was little difference between the 
properties of the two steels 


Specimen form and manufacture 

Iwo basic types of specimen, each containing a fillet 
welded joint through which the total load in the speci- 
men was carried in shear on the weld throats, were 
used in the test programme. One of these, which is 
hereafter referred to as the ‘cover plate type’ of 
specimen (Fig. 1), was designed to investigate the 
effect of spot heating. The other was designed for 
treatment by local compression and will be referred 
to as the ‘egg box type’ of specimen (Fig. 3). 

The basic characteristics of any particular series of 
specimens are designated by identification letters, as 
follows: 

The first letter denotes the type of specimen 

cover plate type, E—egg box type 

The second letter, N, shows that the specimen was 
not stress relieved. 

rhe figure 2 applied to cover plate type specimens 
indicates } in. thick cover plates, all specimens without 
this figure having 3 in. thick cover plates. 

The letter A signifies groups tested under an alter- 
nating cycle, while all other groups were tested in 
pulsating tension with a lower limit stress of zero. 

The post weld treatments are defined by the follow- 
ing letters 


thus 


P 
O 


locally pressed 

main and cover plates spot heated in resistance welding 
machine 

main and cover plates spot heated by oxyacetylene 
torches 

main plates only spot heated (by oxyacetylene torches) 

cover plates only spot heated (by oxyacetylene torches) 


OX 


VM 
Q 
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Table I 
Chemical analysis of BS. 15 plate material 





t in. Plate 
0-19 
0:66 
0-02 
0-05 
0-03 


Element 


Carbon 
Manganese 
Silicon 
Sulphur 
Phosphorus 


} in. Plate 
0-15 
0-74 
0-035 
0-038 
0-028 





Table 
Mechanical properties of BS..15 plate material 





Red. in 


Area, ~ 
65-4 


Yield Siress, 


fons sq.in 


U.T.S.., Elong. on 
tons sq.in 4vVA, 

28:8 

29-0 


17-8 
18-0 


+ in. plate 


7 


35 
i in. plate 32:8 





Table Ill 
Spot heating conditions 





Electrode Heating Trans- 
dia., Load, Current, Time, former 
Specimen in lb kA sec Tap 
| in. main plate ; 500 8-2 55 M3. 230 
? in. cover plates ; 500 10 50 MI. 230 
} in. cover plates : 500 11 SO H3. 230 





It should be noted that both basic types of specimen 
were symmetrical about their longitudinal centre lines 
so as to eliminate bending effects as far as possible, 
and also that both contained only longitudinal welds. 


It has been shown previously that, for the methods of 


treatment under consideration to be effective, it is 
essential for the ‘notches’, at which fatigue failure may 
be initiated, to be localised, and this can only be 
achieved by using longitudinal welds, which can be 
expected to produce failure from the weld ends. In the 
cover plate type specimens the ends of the cover plates 
were cut away so as to enable the local heating to be 
applied directly to the main plate on the line connect- 
ing the weld ends 

All the plates used were machine gas cut and the 
specimens were fabricated so that 
stressing was parallel to the rolling direction. Welding 
was carried out in the downhand position using rutile 
electrode E 217. In most cases the fillet welds were 
made in two halves starting at the ends of the weld 
runs and joining in the middle, so as to avoid as far as 
possible the effects of end craters. However, for com- 
parison, some test series were welded in one direction 
only. Thus three series of cover plate specimens, C V(a) 
CN(b) and CNQ, were welded from the centre line 
towards the ends, while three series of similar speci- 
mens, CN, CN2, and CN2M were welded in the oppo- 


site direction. After fabrication the corners of the 


cross-sections were finished by hand to a radius of 
to minimise the possibility of 


approximately in 
failure being initiated at a gas cut edge. None of the 
specimens was stress relieved 


the direction of 


Spot heating of the cover plate specimens forming 
series, CNO, CNO(a), CN20, CNOA and CN20A 
was applied in the positions indicated in Fig. | by 
means of a resistance welding machine with 3 in. dia 
electrodes, the pressure between the electrodes being 
500 Ib. There was some variation of transformer tap, 
and consequently of heating time, between the differ- 
ent groups and even between different specimens in 
the same group. The object throughout was to obtain 
a heated spot of constant size, with a diameter as 
defined by the 280° isotherm of approximately 254 in. 
By trial and error the heating conditions given in 
Table III were found to be satisfactory. A typical 
macrosection of the main plate of a specimen heated 
by this process is shown in Fig. 2a. It will be seen that 
the material in the centre of the single main plates 
became molten during heating, and that the resulting 
nugget contained pores and hot cracks, but this did 
not occur when heating the cover plates. Examination 
of the macrosections also enables further deductions 
to be made about the temperature distribution around 
the heated spot. Thus, in the main plate, the edge of the 
nugget (radius 0-19 in.) can be taken as approximately 
1500°C. and the position of the eutectoid point shows 
that a temperature of 723°C. was reached at 0-52 in. 
radius. It is interesting to note that at this radius the 
temperature field was uniformly distributed through 
the plate thickness. Similarly, examination of a ? in 
thick cover plate showed that a temperature of 895 °C. 
was reached at a radius of approx. 0-31 in. and 723 C. 
at 0-46 in. radius. In Fig. 26 a macrosection is shown 
of one of four specimens in series CN2OA, which 
were overheated and resulted in failure from the 
heated spot. These results will be considered later. 

Specimens in series CN20X, CNQ and CN2M were 
also spot heated, but this was carried out by means of 
two oxyacetylene torches fitted with § in. dia. high 
Output nozzles using the same technique as has been 
described elsewhere.? As far as possible the heated 
spots were made the same size as those produced in 
the resistance welding machine. In series CN2O0X both 
the cover plates and the main plates were spot heated, 
but in series CNQ only the cover plates and in series 


























Positions of 
heated spots 


| Series 

| CN, CNia), CNQ 
_CN2.CN2M 

| CN(b),CNO, CNA(a) 19 | 73 | 2) 
_CNA.CNOA, CNic),CNO(a)| 15'| % | "2. 
CN20, CN2A,CN20A, j5"| v, 
CN20x. CN2(a) italien 


My 
i. Detail of end of 
cover plates 


1— Details of cover plate tvpe specimens 
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Microsections through heated spots: (a) normal heating in 
resistance welding machine; (b) overheated in resistance weld- 
ing machine; (c) heated by oxyacetylene torches 4 


CN2M only the main plates. In the latter two series 
the object was to obtain failures in the main plate 
when the cover plates were 3? in. thick (normally 
failure was to be expected in the cover plates) and in 
the cover plates when they were $ in. thick (in which 
case failure occurred normally in the main plate). As 
will be shown later these efforts proved successful. A 
macro-section of a typical specimen heated by oxy- 
acetylene torches is shown in Fig. 2c. 

Local compression treatment was applied to the egg 
box type specimens in series ENP and ENPA with 
1? in. diameter dies in the positions indicated in Fig. 3, 
the compression being carried out in a static testing 
machine. The total load applied was 280,000 Ib 
(equivalent to an average compressive stress under the 
dies of 51-5 tons/sq.in.) for 30 sec, and this resulted 
in an average residual indentation of 0-007 in. in each 


face (i.e., a strain in the direction of plate thickness of 


2-8 %). 
Method of Testing 


All the specimens were tested under axial loading, 
the applied load cycle being either pulsating tension, 
with a lower limit of zero, or ‘alternating (fmiy 

fmax). The load cycle used for any particular speci- 
men is shown in Tables I1V—XVI. The majority of the 
tests were carried out in a 60 ton Schenck machine at 
2,000 ¢/min, but some specimens were tested in a 100 
ton Losenhausen hydraulic machine with a testing 
frequency in the range 200-400 c/min. The machine 
used to test any particular specimen is indicated in 
fables I1V-XV, but it has been found that there is no 


INDUCED RESIDUAIL 


STRESSES ON FATIGUE STRENGTH 


significant difference between the results obtained on 
the two machines. 

[he testing procedure was designed to establish S/N 
curves for the range of endurance values from approxi- 
mately 100,000 to 2,000,000 cycles. However, in many 
of the test groups only a comparatively small number 
of specimens were tested, and few attempts were made 
to produce unbroken specimens after 2,000,000 cycles. 
Hence the absolute values of fatigue strength recorded 
in this work should be regarded as slightly optimistic, 
but it is considered that certain qualitative conclusions 
can be drawn from the work. Any specimen which 
survived the fatigue test was tested statically to failure 
to ensure that no fatigue cracks, at least of macro- 
scopic dimensions, were present, and in cases where 
cracks were found the specimen has been regarded as 
‘failed’. In all other cases the criterion of failure was 
taken as complete rupture of the specimen. 


Sig FLW 
cr=4 


—$ = ©) or 3 W 


Positions of 
pressed areas ~ 


a ee el 
16 - - I6 


3— Details of egg box type specimens 
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Table IV 


Summary of results for series CN, CNi(a), CNib) and CNic) 


(Specimens with j in. thick cover plates, as-welded) 





Stress Range. 

fons sq.in 
Cycles to 
Failure 


Testing Main Cover 


Machine Plate 


Schenck 12 0 
Schenck y 0 0-175 | from weld 
Los 7 O— 6-4 0-409 > ends in 
Los 6 0O— 5-6 0-687 | cover 
Schenck 4 0 3-4 1-8797 plates 


Specimen 


Ref. No 
CN 


Remarks 
0-067 5 Failed 


Plates 10° 
10-3 


Los +5 O } 2-101 2 small 
cracks in 
cover 
plates 
found in 
Static test 





Failed 
from weld 
ends in 
cover 
plates 


Schenck 
Schenck 
Schenck 
Schenck 





Failed 
from weld 
ends in 
cover 
plates 


Schenck 
Schenck 
Schenck 
Schenck 





Failed 
from weld 
ends in 
cover 
plates 


Schenck 
Schenck 
Los 

Schenck 
Schenck 





Results and Discussion of Tests 


It is convenient to consider the results obtained in 
two parts, as follows 

(i) Tests on cover plate type specimens in the as-welded 
condition to investigate the effect of differences in 
specimen geometry. This was in fact a subsidiary in- 
vestigation carried out in the process of determining 
control values for the second part 

(i) Tests to determine the effects of spot heating and local 
compression 


Effect of specimen geometry 

In the design of the cover plate type specimens 
there were three main variables 

(a) The direction of welding 

(b) The length of welding and its disposition relative to the 


attached plates 
(c) The thickness of cover plate 


Influence of direction of welding 

A direct comparison between specimens welded in 
different directions is given by series CN and CN(a) 

In series CN the welds were made inwards, towards 
the centre of the specimens, while in series C N(a) the 
welds were made in the outward direction. In all other 
respects the two groups were identical. The results are 
shown in Table IV and have been plotted in Fig. 4 
from which it can be seen that there was no significant 
difference in fatigue strength between the two groups, 
all specimens failing through the cover plates from the 


weld ends. In view of these results it is not considered 
important that, in the course of the test programme, 
groups welded in different directions have been com- 
pared with each other. However, in view of the possi- 
bility that the presence of end craters might influence 
fatigue strength, the fillet welds of most of the test 
series were deposited in two half length runs starting 
from the two ends so as to leave the crater near the 
centre of the weld length. 

To investigate the possible influence of the position 
of the weld end relative to the (central) end of the main 
plate, in series CN(b) a few specimens were tested 
which were welded from the centre outwards and had 
the start of the weld removed from this edge of the 
plate, as shown in Fig. 1. The results obtained are 
shown in Table IV and Fig. 4 and are directly com- 
parable with those obtained for series CN(a). It will 
be seen that there is no significant difference between 
the results for the two groups, but the majority of 
test series were welded in a similar manner to C N(b) 
since this was a slightly easier method and was ex- 
pected therefore to result in more consistent welds 


Influence of weld length 

Weld length, which was found to be a very signifi- 
cant variable, was investigated in some detail, al- 
though the number of specimens subjected to fatigue 
tests was necessarily limited. In spite of this, the con- 
sistent lack of scatter of the test results enables reason- 
able conclusions to be drawn. The results for the 
following test series can be compared 
(Table IV, Fig. 4) 
(Table V1, Fig. 5) 


(Table V, Fig. 4) 
(Table VIII, Fig. 6) 


CN and CNic) 

CN2and CN2(a) 
CNO and CNO(a) 
CNA and CNA(a) 











, as 
welded 


spot 
heated 


>’) cover plates 


e®oevpemo 
Yq cover plates 


- 





NOMINAL UPPER LIMIT STRESS IN COVER PLATES. tons/sq. in 








— 4. J. 


2 3 +s 10° 
ENDURANCE . cycles 


4—Fatigue test results for cover plate type specimens failing in 
the cover plates. ( Pulsating tension cycle) 
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Table \ 


Summary of results for series CNO, CNO(a) and CNQ 
(Specimens with j in. thick cover plates, spot heated) 





Specimen Testing Stress Range, tons sq.in Cycles to 
Ref. No Machine Vain Plate Cover Plates Failure 10' Remarks 


CNO 1 Los O—13-5 0O—11-6 0-147 Main failure from weld ends through cover plates. Small 
cracks at weld ends in main plate. One crack in weld throat 
at ‘central’ end and 2 at ‘gripped’ ends 

Schenck 10-3 0-245 Failure from end of weld in cover plate and 4 cracks in weld 
throats (1 ‘central’ end and 3 ‘gripped’ end) 

Schenck Failure from weld end through cover plate 

Schenck Failure from end of weld in cover plate 

Schenck : Failure from end of weld through cover plate and crack in 
weld throat (‘gripped’ end) 

Schenck 8-5 Failure from weld end through cover plate and 2 cracks 
weld throat (‘central’ ends) 

Schenck t 2 Failure from weld end in cover plate and crack in weld throat 
(‘gripped’ end) 

Schenck 5 $42 Failure from weld end in cover plate 

Los 5 , Small cracks in cover plates at weld ends found in static test 
Also transverse crack through weld at crater and crack in 
weld throat at weld end 





l Los 
2 Schenck 5 11 0-568 Failure from end of weld through cover plate 
3 Schenck 5 1-927 


CNOVta) 


Los 5 . +101 Very small cracks at weld ends in cover plate found in static 
test 





Los 0-066 Failure at weld end in main plate 
Los t 0356 Failure at weld end in main plate and cracks in 3 weld throats 
Los 5 1-470 Failure at weld end in main plate 





Che only difference between the two groups forming 
each pair was the length of the welds, and a compari- 
son of the fatigue strengths obtained at 10° and 2 
10° cycles for the first two pairs is: 


Weld Point Fatigue Strength, Theoretical S.CF 
Series Length, of tons sq.in 
in Failure Main Cover 
10 2 ~ 10° Plate Plate 
Stress in cover plate 
CN 425 Through 90 5 (1-81) 
cover 
CNic) 6°75 plates 9-8 4-4 (1-46) 





Stress in main plate ‘ 

CN2 4:25 Through 13-8 4-6 1-91 (1-95) 
main 

CN2%a) 6-75 plate 14-9 5-6 152 (1-51) 


In this table are also shown the theoretical stress 
concentration factors computed by the method deve- 
loped by Palmer:;* it will be seen that these provide at 
least a qualitative explanation of the greater fatigue 
strengths obtained with longer welds. A similar trend 

S c can be observed when the other two pairs of groups 
x Series CN2 | as \ sas i oom ries C . 

* Series CN2) / welded are compared, but both series CNO(a) and CNA(a) 
e Series CN20 } spot , consisted of only 4 specimens so that it is not possible 
e Series CN20X/ heated to quote accurate fatigue strengths. In Fig. 6, where 
4 Series CNQ groups CNA and CNA(a) are compared, the open 
triangles indicate specimens in series CNA _ which 
failed through the main plate instead of through the 
cover plate. These points therefore represent a lower 
ENDURANCE , cycles limit to the fatigue strength of the cover plates All 

the specimens in series CNA(a) failed from the weld 

5—Fatigue test results for cover plate type specimens failing in the ends through the cover plates. It can be seen that the 
main plates. (Pulsating tension cycle) approximate fatigue strength at 2 10* cycles for 








STRESS IN MAIN PLATE, tons/sa.in 
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Table VI 


Summary of results for series CN2 and CN2(a) 


(Specimens with } in. thick cover plates, as-welded) 





Stress Range 
Main Plate ¢ 


] ‘ 


Testing 
Machine 


Los 


Specie 


Ref. No 
CN2)1 


fons sq.in 


over Plates Failure 


0 0—9-65 0-074 


0 
U0 


0 
0 


0-089 
0-230 


0 
0 
0 


0 0-419 
0 0-727 
0 3 1-146 


0 2°226 


Schenck 
Los 


Cycles to 
10° 


Remarks 


Failure on weld throat. Two small cracks in main plate and 
three in cover plates 

Failure from end of weld through main plate 

Failure at weld ends in cover plates and main plate and also 


in a weld throat 
Failure at weld ends through main plate 


Four cracks at weld ends in main plate found in static test 





0-140 
0-272 
0-428 
0-702 
1-680 


) 


Failed from end of weld through main plate 





specimens with short welds (series CNA(a)) was +1°8 
and that this was increased to approxi- 
3 tons/sq.in. by increasing the weld length, 
these being the nominal average stresses in the cover 
plates. In the case of groups CNO and CNO(a) all the 
main were initiated at the weld ends and 
propagated through the cover plates. It can be seen 
from Fig. 4 that at 2 « 10° cycles, series CNO, with 
short welds, gave a fatigue strength of 6-6 tons/sq.in 
in the cover plates, but that this was increased to 
approx. 9 tons/sq.in. for series CNO(a). In drawing 
the S/N curve for this group the result for specimen 
C NO(a)/4 has been ignored, even though the specimen 
technically had failed. The fatigue cracks discovered 
by the static were extremely small and there is 
little doubt that, if the specimen had been allowed to 
run to final rupture, it would have survived for a 
considerable time, because the rate of crack propaga- 
tion in spot heated specimens is known to be slow. 

To sum up, the effect of increasing weld length was 
to produce an increase of fatigue strength of approxi- 
mately 2 for as-welded specimens and 35°, for 
spot heated specimens 


tons, $q.in 
mately 


failures 


test 


< 


Influence of cover plate thickness 

The effect of cover plate thickness on the fatigue 
strength of as-welded specimens tested in pulsating 
tension can be seen by comparing the results for series 
CN and CN2 which were otherwise identical.( Tables 
IV and VI, Figs. 4 and 5). In series CN all the speci- 
nens failed through the cover plates, the cracks in 
n CN 6 being discovered in the subsequent 
In V2 all the 


~POCCTITIG 


tic test series ¢ however specimens 


d cracks at the ends of the welds in the main 


thoug? ‘ 'Y) " ‘ 


\ 


had 
als 


ind | also 


ave 


that they in 


or ip 


be approximately 3-5 tons/sq.in. in the cover plates 
and 4-6 tons/sq.in. in the main plate. It should be noted 
that the former figure was confirmed by tests on series 
CN2M which was identical with series CN2 but was 
spot heated to prevent failure of the main plates. The 
results for this series are given in Table VII and have 
been plotted in Fig. 4 

A similar comparison can be made between series 
CNA and CN24A, which were both tested on an alter- 
nating cycle. The results obtained are given in Tables 
VIIl and X and are shown graphically in Figs. 6 and 8. 
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All the specimens in series CN2A failed from the weld load cycles under full load. However, in series CNA 
ends through the main plate. the failure in specimen the position of failure was randomly distributed 
CN2A/6, tested at +2 tons/sq.in., being found in the between the main plate and cover plates and the 
static test after the specimen had survived 4-6 10° results therefore have been plotted on both Fig. 6 and 


Failure of specimen CN2 


Table VU 


Summary of results for series CN20, CN20X and CN2M 


(Specimens with } in. thick cover plates, spot heated) 





Specimen Testing Stress Range, tons sq.in Cyeles t 
Ref. No Vachine Vain Plate Cover Plates Failure / Remarks 
CN20 


Schenck O- | 010-9 0-161 

Los 0-—16 0—10-3 0-207 Failed in main plate from weld root approx. } in. inside end 
Schenck 0O—15 O— 9-6 0-436 of weld 

4 Los O— 14 0 9-0 0-681 


l 


Schenck 0 oO Rd 1-031 Failed from end of weld in main plate 


Schenck 0 0 2-101 ) Failed in main plate from weld root approx. } in. inside end 
Schenck 0 0 | 1-769! of weld 





Schenck 0 0 ; 0-097 
Schenck 0 0 0-312 
Los 0 0 0-873 


Schenck 0 0 2-558 


Failed from end of weld in cover plate: 





Los O— | O—11 0-091 
Schenck oO—15 0 9-6 0-334 atled fror nds of welds in main plates 
Schenck ! . 0-858 
Schenck 11-5 ' 1-131 Failed from end « 
heated spot 





lable Vill 


Summary of results for series CNA and CNAla 
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C = O12 max. Finally, it is generally recognised that the effect of 
= a minor elements becomes more important as the 
P 6 hn strength of the material is increased; the steels dis- 


Mn §S ratio 14:3 min. 


This should be suitable for welds made under low 
restraint. For more severe conditions, and where good 
impact properties are desired the manganese should 
be increased, 0-8-1 °, being sufficient in the majority 
of cases. 


Preventing cracking in low alloy steels 

Ideally, the most suitable weld metal composition 
would be one initially solidifying mainly as ferrite. The 
ratio of austenisers and ferritisers should thus be 
balanced to obtain this. Where this is impossible, then 
the sulphur and phosphorus should be reduced to a 
very low level; in some applications where high 
strength and good notch toughness is desired the 
amounts should not exceed 0-005°% each, the Mn/ 
ratio being greater than about 70. Some additional 
benefit, particularly in regard to weld metal properties, 
may be obtained possibly by also reducing the arsenic 
and antimony content, though experimental evidence 
for this has not yet been obtained as far as the author 
is aware. 

It is not possible to recommend weld metal compo- 
sitions which should be free from cracking as suitable 
data do not yet exist. However it is obvious that 
high carbon and nickel* contents are harmful unless 
sulphur and phosphorus contents are strictly con- 
trolled. Molybdenum, vanadium and chromium 
should be beneficial, as should also be manganese, 
lanthanum, and cerium in controlled amounts. Boron 
should be harmful. 





* It would be interesting to know the solubility of carbon in an 
alloy containing 3-4°,Ni. The effect of carbon at this level 
may not be additive, in fact the solubility of carbon might 
be relatively high. 


cussed here should not be an exception to this rule. 
Thus in ultra-high strength steels it is likely that the 
permissible limits of sulphur and phosphorus will 
decrease ; also it is likely that elements such as arsenic 
and tin will assume more importance. 

Normally class ‘O’ elements should not be harmful; 
it is a possibility however that in certain alloys con- 
taining perhaps a high proportion of a major element, 
these insoluble elements will become slightly soluble and 
therefore might be dangerous. This is an aspect which 
cannot be commented upon at the moment through 
lack of knowledge, it is however an important aspect 
that must be studied. The results may well explain the 
“anomalies” which so often confront the investigator. 
The effect of deoxidation practice on “‘weldability” 
should also be studied in view of the interrelated 
effects of manganese, sulphur, silicon, aluminium and 
oxygen. 


Conclusions 


(1) The most harmful elements causing cracking in 

ferritic steels are, in decreasing order of potency: 
S, B, (Ce?), P, As, Nb, Sn, Zr, and Ta 

(2) Carbon and copper in addition to the elements 
in (1) are harmful in austenitic steels. 

(3) Carbon and nickel are crack promoters as they 
are austenisers while molybdenum, vanadium and 
chromium, being ferrite formers, are beneficial. 

(4) Sulphide formers, lanthanum, cerium and man- 
ganese are beneficial. Lanthanum should be the most 
useful addition. 

(5) Deoxidisers such as aluminium and silicon can 
be harmful when added to a high oxygen, low man- 
ganese mild steel. 
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B.W.R.A. REPORT 


Influence of Artificially Induced Residual 
Stresses on Fatigue Strength of Load- 
Carrying Fillet Welded Joints in Mild Steel 


By T. R. Gurney, M.A., A.M.L.C.E. 


The report contains details of fatigue tests carried out to determine’ 
whether spot heating and local compression, which are known to 
produce a considerable increase in the fatigue strength of specimens 
containing non-load-carrying welds, also improve the fatigue behaviour 
of specimens with load-carrying welds. It is shown that strength can 
be increased by about 100% at 2x 10° cycles. 


REVIOUS work by Puchner,! whose results were 
Preontirmed by the present author, and Nekanda 

Trepka? showed that a large increase in the fatigue 
strength of specimens containing discontinuous longi- 
tudinal welds could be obtained by spot heating to 
introduce compressive residual stresses at the notch 
at the end of the weld. Further, it has been shown? 
that a similar increase in strength is obtainable by 
introducing the residual stresses mechanically by local 
compression. All these results, however, were obtained 
on specimens in which the welds were basically non- 
load-carrying. 

In view of this it was decided to carry out further 
tests to determine whether similar increases could be 
produced in the fatigue strength of specimens con- 
taining load-carrying fillet welds, i.e., specimens in 
which the load was transferred through the weld in 
shear. The results of this programme, which included 
tests under both pulsating tension and alternating load 
cycles, are given in this report. In the course of the 
investigation it became necessary to examine, in great- 
er detail than had been intended, the effect of certain 
aspects of specimen geometry on fatigue strength, and 
the results of this subsidiary investigation are also 
given. 


Test Specimens 
Material 


The material used in this programme of tests was 
} in. and 3 in. thick mild steel plate which complied 
essentially with BS.15, Structural Steel for Bridges and 
General Building Construction. The 4 in. thick mate- 
rial was a basic open-hearth semi-killed steel; the 
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origin of the 2? in. thick plate is not known. The 
chemical analyses and mechanical properties of the 
materials are shown in Tables I and II, from which it 
will be seen that there was little difference between the 
properties of the two steels. 


Specimen form and manufacture 


Two basic types of specimen, each containing a fillet 
welded joint through which the total load in the speci- 
men was carried in shear on the weld throats, were 
used in the test programme. One of these, which is 
hereafter referred to as the ‘cover plate type’ of 
specimen (Fig. 1), was designed to investigate the 
effect of spot heating. The other was designed for 
treatment by local compression and will be referred 
to as the ‘egg box type’ of specimen (Fig. 3). 

The basic characteristics of any particular series of 
specimens are designated by identification letters, as 
follows: 

The first letter denotes the type of specimen: thus 
C—cover plate type, E—egg box type. 

The second letter, N, shows that the specimen was 
not stress relieved. 

The figure 2 applied to cover plate type specimens 
indicates } in. thick cover plates, all specimens without 
this figure having 3 in. thick cover plates. 

The letter A signifies groups tested under an alter- 
nating cycle, while all other groups were tested in 
pulsating tension with a lower limit stress of zero. 

The post weld treatments are defined by the follow- 
ing letters: 


P—locally pressed 
O—main and cover plates spot heated in resistance welding 
machine 
OX—main and cover plates spot heated by oxyacetylene 
torches 
M—main plates only spot heated (by oxyacetylene torches) 
Q—cover plates only spot heated (by oxyacetylene torches) 





a 





~~ 
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Table I 
Chemical analysis of BS. 15 plate material 








Element 4 in. Plate 3 in. Plate 
Carbon 0-15 0-19 
Manganese 0-74 0-66 
Silicon 0-035 0-02 
Sulphur 0-038 0-05 
Phosphorus 0-028 0-03 

Table II 


Mechanical properties of BS. 15 plate material 





Yield Stress, U.T.S., Elong. on Red. in 
tons/sq.in. tons/sq.in. 4+/A,% Area, % 





4 in. plate 17-8 28-8 35 65-4 
? in. plate 18-0 29-0 32:8 
Table Il 


Spot heating conditions 





Electrode Heating Trans- 
dia., Load, Current, Time, former 
Specimen in. Ib. kA sec Tap 
4 in. main plate 4 500 8-2 55 M3. 230 
2 in. cover plates f 500 10 50 MI. 230 
4 in. cover plates 8 500 11 50 H3. 230 





It should be noted that both hasic types of specimen 
were symmetrical about their longitudinal centre lines 
so as to eliminate bending effects as far as possible, 
and also that both contained only longitudinal welds. 
It has been shown previously that, for the methods of 
treatment under consideration to be effective, it is 
essential for the ‘notches’, at which fatigue failure may 
be initiated, to be localised, and this can only be 
achieved by using longitudinal welds, which can be 
expected to produce failure from the weld ends. In the 
cover plate type specimens the ends of the cover plates 
were cut away so as to enable the local heating to be 
applied directly to the main plate on the line connect- 
ing the weld ends. 

All the plates used were machine gas cut and the 
specimens were fabricated so that the direction of 
stressing was parallel to the rolling direction. Welding 
was carried out in the downhand position using rutile 
electrode E 217. In most cases the fillet welds were 
made in two halves starting at the ends of the weld 
runs and joining in the middle, so as to avoid as far as 
possible the effects of end craters. However, for com- 
parison, some test series were welded in one direction 
only. Thus three series of cover plate specimens, C N(a) 
CN(b) and CNQ, were welded from the centre line 
towards the ends, while three series of similar speci- 
mens, CN, CN2, and CN2M were welded in the oppo- 
site direction. After fabrication the corners of the 
cross-sections were finished by hand to a radius of 
approximately , in. to minimise the possibility of 
failure being initiated at a gas cut edge. None of the 
specimens was stress relieved. 


Spot heating of the cover plate specimens forming 
series, CNO, CNO(a), CN20, CNOA and CN20A 
was applied in the positions indicated in Fig. | by 
means of a resistance welding machine with in. dia 
electrodes, the pressure between the electrodes being 
500 lb. There was some variation of transformer tap,. 
and consequently of heating time, between the differ- 
ent groups and even between different specimens in 
the same group. The object throughout was to obtain 
a heated spot of constant size, with a diameter as 
defined by the 280° isotherm of approximately 24 in. 
By trial and error the heating conditions given in 
Table III were found to be satisfactory. A typical 
macrosection of the main plate of a specimen heated 
by this process is shown in Fig. 2a. It will be seen that 
the material in the centre of the single main plates 
became molten during heating, and that the resulting 
nugget contained pores and hot cracks, but this did 
not occur when heating the cover plates. Examination 
of the macrosections also enables further deductions 
to be made about the temperature distribution around 
the heated spot. Thus, in the main plate, the edge of the 
nugget (radius 0-19 in.) can be taken as approximately 
1500°C. and the position of the eutectoid point shows 
that a temperature of 723°C. was reached at 0-52 in. 
radius. It is interesting to note that at this radius the 
temperature field was uniformly distributed through 
the plate thickness. Similarly, examination of a 3 in. 
thick cover plate showed that a temperature of 895°C. 
was reached at a radius of approx. 0-31 in. and 723°C. 
at 0-46 in. radius. In Fig. 2b a macrosection is shown 
of one of four specimens in series CN2OA, which 
were overheated and resulted in failure from the 
heated spot. These results will be considered later. 

Specimens in series CN20X, CNQ and CN2M were 
also spot heated, but this was carried out by means of 
two oxyacetylene torches fitted with $ in. dia. high 
output nozzles using the same technique as has been 
described elsewhere.” As far as possible the heated 
spots were made the same size as those produced in 
the resistance welding machine. In series CN20X both 
the cover plates and the main plates were spot heated, 
but in series CNQ only the cover plates and in series 
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1—Details of cover plate type specimens 




















2—NMicrosections through heated spots: (a) normal heating in 
resistance welding machine; (b) overheated in resistance weld- 
ing machine; (c) heated by oxyacetylene torches x4 
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CN2M only the main plates. In the latter two series 
the object was to obtain failures in the main plate 
when the cover plates were 3 in. thick (normally 
failure was to be expected in the cover plates) and in 
the cover plates when they were 3 in. thick (in which 
case failure occurred normally in the main plate). As 
will be shown later these efforts proved successful. A 
macro-section of a typical specimen heated by oxy- 
acetylene torches is shown in Fig. 2c. 

Local compression treatment was applied to the egg 
box type specimens in series ENP and ENPA with 
1? in. diameter dies in the positions indicated in Fig. 3, 
the compression being carried out in a static testing 
machine. The total load applied was 280,000 Ib 
(equivalent to an average compressive stress under the 
dies of 51-5 tons/sq.in.) for 30 sec, and this resulted 
in an average residual indentation of 0-007 in. in each 
face (i.e., a strain in the direction of plate thickness of 
2-8 %). 


Method of Testing 


All the specimens were tested under axial loading, 
the applied load cycle being either pulsating tension, 
with a lower limit of zero, or [alternating (/min= 
—fmax)- The load cycle used for any particular speci- 
men is shown in Tables 1V—XVI. The majority of the 
tests were carried out in a 60 ton Schenck machine at 
2,000 c/min, but some specimens were tested in a 100 
ton Losenhausen hydraulic machine with a testing 
frequency in the range 200-400 c/min. The machine 
used to test any particular specimen is indicated in 
Tables IV-XV, but it has been found that there is no 


significant difference between the results obtained on 
the two machines. 

The testing procedure was designed to establish S/N 
curves for the range of endurance values from approxi- 
mately 100,000 to 2,000,000 cycles. However, in many 
of the test groups only a comparatively small number 
of specimens were tested, and few attempts were made 
to produce unbroken specimens after 2,000,000 cycles. 
Hence the absolute values of fatigue strength recorded 
in this work should be regarded as slightly optimistic, 
but it is considered that certain qualitative conclusions 
can be drawn from the work. Any specimen which 
survived the fatigue test was tested statically to failure 
to ensure that no fatigue cracks, at least of macro- 
scopic dimensions, were present, and in cases where 
cracks were found the specimen has been regarded as 
‘failed’. In all other cases the criterion of failure was 
taken as complete rupture of the specimen. 
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3—Details of egg box type specimens 
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Table IV 


Summary of results for series CN, CN(a), CN(b) and CN(c) 
(Specimens with } in. thick cover plates, as-welded) 





Stress Range, 














tons/sq.in. 
— Cycles to 
Specimen Testing Main Cover Failure 
Ref. No. Machine Plate Plates <J0®° Remarks 
CN/1 Schenck O—12 0—10-3 0-067, Failed 
2 Schenck O— 9 O— 7:7 0-175 | from weld 
3. ~Los O— 7:5 O64 0-409 >ends in 
4 Los O— 65 O— 5-6 0-687 | cover 
5 Schenck O— 4 O— 3-4 1-879 7 plates 
6 Los O— 35 Oo 3 2-101 2 small 
cracks in 
cover 
plates 
found in 
static test 
CN(a) 1 Schenck O—10 O— 85 0-114 Failed 
2 Schenck O— 7 0— 6 0-314 from weld 
3 Schenck O— 5:5 O~— 4:7 1-185 ends in 
4 Schenck O— 4:5 O— 38 2-920 cover 
plates 
CN(b) 1 Schenck O—10°5 O— 9 0-105 Failed 
2 Schenck O— 8 O— 6:8 06-269 from weld 
3 Schenck O— 5 O— 4:3 0-953 ends in 
4 Schenck O— 4:5 O— 3:8 2:879 cover 
plates 
CNic) 1 Schenck O—I1 O— 9-4 0-135 Failed 
2 Schenck O— 9 O— 7:7 0-272 from weld 
3 Los O— 65 O— 56 1-074 ends in 
4 Schenck O— 5:5 O~— 4:7 1-654 cover 
5 Schenck O— 5 O— 4:3 2-107 plates 





Results and Discussion of Tests 


It is convenient to consider the results obtained in 

two parts, as follows: 

(i) Tests on cover plate type specimens in the as-welded 
condition to investigate the effect of differences in 
specimen geometry. This was in fact a subsidiary in- 
vestigation carried out in the process of determining 

_ control values for the second part 

(ii) Tests to determine the effects of spot heating and local 
compression. 


Effect of specimen geometry 


In the design of the cover plate type specimens 
there were three main variables: 


(a) The direction of welding 

(b) The length of welding and its disposition relative to the 
attached plates 

(c) The thickness of cover plate. 


Influence of direction of welding 

A direct comparison between specimens welded in 
different directions is given by series CN and CN(a). 

In series CN the welds were made inwards, towards 
the centre of the specimens, while in series C N(a) the 
welds were made in the outward direction. In all other 
respects the two groups were identical. The results are 
shown in Table IV and have been plotted in Fig. 4. 
from which it can be seen that there was no significant 
difference in fatigue strength between the two groups, 
all specimens failing through the cover plates from the 


weld ends. In view of these results it is not considered 
important that, in the course of the test programme, 
groups welded in different directions have been com- 
pared with each other. However, in view of the possi- 
bility that the presence of end craters might influence 
fatigue strength, the fillet welds of most of the test 
series were deposited in two half length runs starting 
from the two ends so as to leave the crater near the 
centre of the weld length. 

To investigate the possible influence of the position 
of the weld end relative to the (central) end of the main 
plate, in series CN(b) a few specimens were tested 
which were welded from the centre outwards and had 
the start of the weld removed from this edge of the 
plate, as shown in Fig. 1. The results obtained are 
shown in Table IV and Fig. 4 and are directly com- 
parable with those obtained for series CN(a). It will 
be seen that there is no significant difference between 
the results for the two groups, but the majority of 
test series were welded in a similar manner to CN(b) 
since this was a slightly easier method and was ex- 
pected therefore to result in more consistent welds. 


Influence of weld length 

Weld length, which was found to be a very signifi- 
cant variable, was investigated in some detail, al- 
though the number of specimens subjected to fatigue 
tests was necessarily limited. In spite of this, the con- 
sistent lack of scatter of the test results enables reason- 
able conclusions to be drawn. The results for the 
following test series can be compared: 


CN and CN(c) (Table IV, Fig. 4) 
CN2 and CN2(a) (Table VI, Fig. 5) 
CNO and CNO(a) (Table V, Fig. 4) 
CNA and CNA(a) (Table VIII, Fig. 6) 
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4—Fatigue test results for cover plate type specimens failing in 
the cover plates. (Pulsating tension cycle) 
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Table V 


Summary of results for series CNO, CNO(a) and CNQ 
(Specimens with 3 in. thick cover plates, spot heated) 












































Specimen Testing Stress Range, tons/sq.in. Cycles to 
Ref. No. Machine Main Plate Cover Plates Failure x 10° Remarks 
CNO/1 Los 0—13-5 0—11-6 0-147 Main failure from weld ends through cover plates. Small 
cracks at weld ends in main plate. One crack in weld throat 
at ‘central’ end and 2 at ‘gripped’ ends. 
2 Schenck 0—12 0—10-3 0-245 Failure from end of weld in cover plate and 4 cracks in weld 
throats (1 ‘central’ end and 3 ‘gripped’ end) 
3 Schenck o—11 O— 9-4 0-570 Failure from weld end through cover plate 
4 Schenck 0o—10 0O— 8-5 0-734 Failure from end of weld in cover plate. 
5 Schenck o— 9 O— 7-7 1-873 Failure from end of weld through cover plate and crack in 
weld throat (‘gripped’ end) 
6 Schenck O— 8:5 0O— 7 0-918 Failure from weld end through cover plate and 2 cracks in 
weld throat (‘central’ ends) 
7 Schenck O— 8:5 0— 7:3 1-293 Failure from weld end in cover plate and crack in weld throat 
(‘gripped’ end) 
8 Schenck O— 7-7 0— 6°5 1-542 Faiiure from weld end in cover plate 
9 Los O— 7°5 0O— 6-4 2-227 Small cracks in cover plates at weld ends found in static test. 
Also transverse crack through weld at crater and crack in 
weld throat at weld end. 
CNO(a)/1 Los 0—16 0—13-7 0-164) 
2 Schenck 0—13-5 0—11-6 0-568 > Failure from end of weld through cover plate 
3 Schenck 0—10°5 0— 9 1-927 ) 
4 Los O— 7°5 0O— 6-4 3-101 Very small cracks at weld ends in cover plate found in static 
test 
CNQ/1 Los 0—13-5 0—11-6 0-066 Failure at weld end in main plate 
2 Los 0—10 0O— 8-5 0-356 Failure at weld end in main plate and cracks in 3 weld throats 
3 Los O— 6°5 O— 5-6 1-470 Failure at weld end in main plate 
1G--rr a - —— The only difference between the two groups forming 
each pair was the length of the welds, and a compari- 
son of the fatigue strengths obtained at 10° and 2x 
10° cycles for the first two pairs is: 
Weld Point Fatigue Strength, Theoretical S.C.F. 
Series Length, of tons/sq.in a 
in. Failure ————— — Main Cover 
10° 210° Plate Plate 
Stress in cover plate 
zs CN 4:25 Through 9-0 3-5 (1-81) 2-07 
4 cover 
> . CN(c) 6°75 plates 9-8 4-4 (1-46) 1-58 
Cc 
s Stress in main plate 
uJ CN2 4:25 Through 13-8 4-6 1-91 (1-95) 
= e main 
= CN2(a) 6:75 plate 14-9 5-6 1-52 (1-51) 
2 gt In this table are also shown the theoretical stress 
= concentration factors computed by the method deve- 
z 8 loped by Palmer; it will be seen that these provide at 
vn least a qualitative explanation of the greater fatigue 
= strengths obtained with longer welds. A similar trend 
oe ‘ : . 
can be observed when the other two pairs of groups 
y 6F 4 — a1 1 are compared, but both series CNO(a) and CNA(a) 
st © Series CNG. spot consisted of only 4 specimens so that it is not possible 
© Series CN20X} heated ° . to quote accurate fatigue strengths. In Fig. 6, where 
4} 4 Series CNQ groups CNA and CNA(a) are compared, the open 
triangles indicate specimens in series CNA which 
zu i 4-4 ti a a a a failed through the main plate instead of through the 
5 . vee 6 2 3645 7 : 
10 10 10 cover plate. These points therefore represent a lower 
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5—Fatigue test results for cover plate type specimens failing in the 
main plates. (Pulsating tension cycle) 


limit to the fatigue strength of the cover plates. All 
the specimens in series C NA(a) failed from the weld 
ends through the cover plates. It can be seen that the 
approximate fatigue strength at 210° cycles for 








— 
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Table VI 


Summary of results for series CN2 and CN2(a) 
(Specimens with } in. thick cover plates, as-welded) 








Specimen Testing Stress Range, tons/sq.in. Cycles to 
Ref. No. Machine Main Plate Cover Plates Failure x 10° Remarks 
CN2/1 Los o—15 0—9-65 0-074 Failure on weld throat. Two small cracks in main plate and 
three in cover plates 
2 Los o—13 O—8-4 0-089 Failure from end of weld through main plate 
3 Los 0—12 0—7:7 0-230 Failure at weld ends in cover plates and main plate and also 
in a weld throat 
4 Los 0—10 0—6:4 0-419 
5 Los O— 7:5 o—4:8 0-727 Failure at weld ends through main plate 
6 Schenck O— 6 0—3-8 1-146 
7 Los O— 4:5 0—2:9 2-226 Four cracks at weld ends in main plate found in static test 
CN2(a)/1 Los o—14 0—9-0 0-140 
. i Los o—12 0—7:7 0-272 
3 Los o—10 0—6-4 0-428 Failed from end of weld through main plate 
4 Los 0O— 8-5 0—5:5 0-702 
5 Los O— 6:5 O—4-2 1-680 





specimens with short welds (series CNA(a)) was +1-8 
tons/sq.in. and that this was increased to approxi- 
mately +-2-3 tons/sq.in. by increasing the weld length, 
these being the nominal average stresses in the cover 
plates. In the case of groups CNO and CNO(a) all the 
main failures were initiated at the weld ends and 
propagated through the cover plates. It can be seen 
from Fig. 4 that at 2 10® cycles, series CNO, with 
short welds, gave a fatigue strength of 6-6 tons/sq.in. 
in the cover plates, but that this was increased to 
approx. 9 tons/sq.in. for series CNO(a). In drawing 
the S/N curve for this group the result for specimen 
C NO(a)/4 has been ignored, even though the specimen 
technically had failed. The fatigue cracks discovered 
by the static test were extremely small and there is 
little doubt that, if the specimen had been allowed to 
run to final rupture, it would have survived for a 
considerable time, because the rate of crack propaga- 
tion in spot heated specimens is known to be slow. 

To sum up, the effect of increasing weld length was 
to produce an increase of fatigue strength of approxi- 
mately 25°%% for as-welded specimens and 35% for 
spot heated : specimens. 


Influence of cover plate thickness 

The effect of cover plate thickness on the fatigue 
strength of as-welded specimens tested in pulsating 
tension can be seen by comparing the results for series 
CN and CN2 which were otherwise identical.(Tables 
IV and VI, Figs. 4 and 5). In series C/N all the speci- 
mens failed’ through the cover plates, the cracks in 
specimen CN/6 being discovered in the subsequent 
static test. In series CN2, however, all the specimens 
developed cracks at the ends of the welds in the main 
plate, although specimens CN2/1 and 3 also had 
cracks in the cover plates. These two results have also 
been plotted in Fig. 4 and it will be seen that they lie 
close to the S/N curve for series CN. A photograph of 
the failure in specimen CN2/3 is shown in Fig. 7. In 
specimen CN2/7 the fatigue cracks were found in the 
subsequent static test after the specimen had survived 

2x 10® cycles at O—4-5 tons/sq.in. The fatigue 
strength at 2 x 10* cycles is shown by these results to 


be approximately 3-5 tons/sq.in. in the cover plates 
and 4-6 tons/sq.in. in the main plate. It should be noted 
that the former figure was confirmed by tests on series 
CN2M which was identical with series CN2 but was 
spot heated to prevent failure of the main plates. The 
results for this series are given in Table VII and have 
been plotted in Fig. 4. 

A similar comparison can be made between series 
CNA and CN24A, which were both tested on an alter- 
nating cycle. The results obtained are given in Tables 
VIII and X and are shown graphically in Figs. 6 and 8. 
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6—Fatigue test results for cover plate type specimens failing in the 
cover plates. (Alternating cycle) 
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All the specimens in series CN24A failed from the weld 
ends through the main plate, the failure in specimen 
CN2A/6, tested at +2 tons/sq.in., being found in the 
static test after the specimen had survived 4-6 x 10° 
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load cycles under full load. However, in series CNA 
the position of failure was randomly distributed 
between the main plate and cover plates and the 
results therefore have been plotted on both Fig. 6 and 


7—Failure of specimen CN2/3 


Table VII 


Summary of results for series CN20, CN20X and CN2M 
(Specimens with } in. thick cover plates, spot heated) 














Specimen Testing Stress Range, tons/sq.in. Cycles to 
Ref. No, Machine Main Plate Cover Plates Failure ~ 10° Remarks 
CN20/1 Schenck O—17 0—10-9 0-161 
2 Los 0—16 0—10-3 0-207 Failed in main plate from weld root approx. } in. inside end 
3 Schenck o—15 O— 9-6 0-436 of weld 
4 Los o—14 oO— 9-0 0-681 
5 Schenck 0—13 O— 8-4 1-031 Failed from end of weld in main plate 
6 Schenck 0—12 O— 7:7 2-101 Failed in main plate from weld root approx. ? in. inside end 
7 Schenck o—11 O— 7:1 1-769 of weld 
CN2M/1 Schenck 0— 14-5 O— 9-3 0-097 
3 — =~ * oan Failed from end of weld in cover plates 
4 Schenck 0— 5-0 O— 3-2 2-558 
CN20X/1 Los o—18 0—11-6 0-091 ) 
2 Schenck 0—15 0O— 9-6 0-334 > Failed from ends of welds in main plates 
3 Schenck 0—12°5 O— 8-0 0-858 
4 Schenck 0—11-5 0— 7-4 1-131 Failed from end of weld in main plate and from surface in 
heated spot 
5 Los 0—10°5 O— 6:7 2-155 Small cracks at weld ends in main plates found in static test 
Table VIII 


Summary of results for series CNA and CNA(a) 
(Specimens with 3 in. thick cover plates, as-welded) 








Specimen Testing Stress Range, tons/sq.in. Cycles to 
Ref. No. Machine Main Plate Cover Plates Failure = 10° Remarks 
CNA 4 — eo ty o3i2} Failed from end of weld through cover plated 
3 Schenck 3-5 + 3-0 1-192 Failed from end of weld through main plate. Two small cracks 
at weld ends in cover plates found ultrasonically 
4 Schenck +3-0 +2°6 1-066 Failed at end of weld through main plate 
5 Schenck +2-5 +2+15 2-142 ~~ As for CNA/3 
6 Schenck 2:25 +1-9 2-825 Failed at end of weld through main plate 
CNA(a)/1 Schenck - > +: : $4 oto 
2 Los -4- +3: , . 
5 Shen “3-0 2-6 1-054 Failed from ends of welds through cover plate 
4 Schenck +2-5 +21 1-513 
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Fig. 8. In Fig. 6, which refers to specimens that failed 
through the cover plates, the open triangles represent 
specimens in series CNA which failed in the main 
plate. Thus they form a lower limit to the S/N curve, 
and the fatigue strength at 2 « 10° cycles can be seen 
to be approximately -+2-2 tons/sq.in. in the cover 
plates. Figure 8 refers to failure in the main plates; 
it is shown that there was no significant difference in 
strength between series CNA and CN24A, both having 
a strength at 2 « 10° cycles of +2-4 tons/sq.in. in the 
main plate. 

In the following table a summary of these results, 
and, for comparison, the theoretical stress concen- 
tration factors are given. For specimens with } in. 
_thick cover plates the ratio of the cross-sectional areas 
‘of main plate: cover plate was 1:1:55 and for 3 in. 
thick cover plates it was 1:1-17. These figures have 
been used to compute the peak stresses in the various 
test series on the basis of unit average stress both in 
the main plate and in the cover plates. These results 
are also shown in the table. 


Fatigue Relative Peak Stresses 


Strength, Stress- 
Cover tons sq.in Concen For Unit For Unit 
Plate at2~«10 tration Stress in Stress in 
thick- cycles factor Main Plate Cover Plate 
ness, - 

Series in Vain Cover Main Cover Main Cover Main Cover 
CN } 3-5 1-81 2-07 1-81 1-78 2-12 2-07 
CN2 } 4-6 | C os c ~ 96 ¢ 

/ j , , 95 
CNIM | I 3.5} 1-91 1-95 1-91 1-26 2:96 1-95 
CNA 2-4 2:3 1:46 1°59 1-46 1°36 1-71 1-59 
CN2A 2-4 1-52 1-51 1°52 0-97 2°36 1-51 


It is interesting to note that for series CN and CNA 
the peak stresses in the main plate and cover plates 
were approximately equal and that in series CNA, 
but not in series CN, this was reflected in the random 
distribution of failures between the main plates and 
cover plates. Also in series CN2 and CN2A failures 
were confined to the main plates in which the peak 
stresses were about 55°, greater than in the cover 
plates. 


Effect of induced residual stresses 
Spot heating 

The main object of this part of the programme was 
to compare the fatigue strength of as-welded and spot 
heated specimens failing in both the main plates and 
the cover plates under pulsating tension and alter- 
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8—Fatigue test results for cover plate type specimens failing in the 
main plate. (Alternating cycle) 


nating loads. Eight series of specimens were tested as 
follows: 


Cover Plate 


Series Thickness, in. Condition Load Cycle 

N 3 As-welded Pulsating tension 
CNO ; Spot heated ‘ Ae 
CN2 3 As-welded Pulsating tension 
CN20 4 Spot heated ~ a 
CNA 3 As-welded Alternating 
CNOA 3 Spot heated oe 
CN2A 4 As-welded Alternating 
CN20A 4 Spot heated & 


The results for series CN and CNO are recorded in 
Tables [V—V, and are shown in the form of S/N curves 


Table IX 


Summary of results for series CNOA 


(Specimens with 3 in. thick cover plates, spot heated) 





Specimen Testing Stress Range, tons'sq.in. Cycles to 
Ref. No. Machine Main Plate Cover Plates Failure 
CNOA 1 Schenck 10 8-55 0-192 
2 Schenck 9 7-7 0-529 
3 Schenck x 6°85 1-194 
4 Schenck 7 6-0 2-131 
5 Schenck 6°75 5-8 2°648 
6 Los 6°5 5-6 2:754 


x J0° 


Remarks 
Failure from end of weld through main plate 


Failure from end of weld through cover plates 


Failure initiated at 2 weld ends in weld throat and propagated 
into cover plate } in. from weld end 

Cracks in cover plates and main plate at weld ends found in 
Static test 























in Fig. 4. In all the specimens the main failure was 
initiated at the weld end and the crack propagated 
through the cover plates. The failure shown in Fig. 9, 
although not from this group, is typical of those which 
occurred in series CN. In series CNO the fractures, 
although originating at the weld ends, propagated 
differently from those in series CN, tending to skirt 
around the heat spot. A typical example is shown in 
Fig. 10. No reasonable explanation has been found 
for this behaviour. Series CNO was also notable for 
the large number of specimens which developed 
fatigue cracks in the weld throats, although these were 
never the primary cause of failure (Fig. 11). This 
behaviour will be considered in more detail later. It 
will be seen from Fig. 4 that at 2 x 10® cycles the effect 
of spot heating was to increase the fatigue strength of 
the cover plates from approximately 3-5 to 6-5 tons 
sq.in. 

The results for series CN2 and CN20 are given in 
Tables VI-VI1, and are plotted in Fig. 5. Since these 
specimens had 3 in. thick cover plates it was hoped 
that failures would occur consistently in the main 
plates. This was the case with series CN20, but in the 
as-welded series (CN2) two specimens also failed 
through the cover plates. One of these, CN2/3, is 
illustrated in Fig. 7. In series CN20 only one specimen 





10—Failure of specimen CNO/5 


11—Cracks in weld in specimen CNO/9 
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failed from the extremity of the weld. The remainder 
failed about ? in. inside the weld, the actual site of 
initiation being the weld root; a typical failure of this 
type is illustrated in Figs. 12 and 13. The change in 
position of failure must be ascribed to the effect of 
spot heating. The fatigue strength of the main plates 
can be seen from Fig. 5 to be increased from about 
4-7 to 11-5 tons/sq.in. by spot heating. 

In the tests on an alternating load cycle it was hoped 
that series CNA and CNOA, each having 3 in. thick 
cover plates, would fail through the cover plates, and 
that series CN2A and CN20A would fail through the 
main plates. However, as can be seen from Tables 
VIII-XI this was only partially the case. All the 
specimens with } in. thick cover plates did fail through 
the main plates, but so did many of the specimens in 
series CNA and CNOA. The results for those speci- 
mens which failed through the cover plates are plotted 
in Fig. 6, in which the ‘open’ points represent speci- 
mens which failed in the maim plates and which 
therefore form a lower limit to the S/N curves. In view 
of the small number of definite results it is difficult to 
state accurate fatigue strength values, but it can be 
seen that the effect of spot heating was to increase the 
strength at 2 x 10° cycles from approximately +2-3 to 

-6 tons/sq.in. in the cover plates. 


13—Fracture surface of specimen CN20/6 showing failure from 
the weld root 
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Table X 


Summary of results for series CN2A 
(Specimens with } in. thick cover plates, as-welded) 





Specimen Testing Stress Range, tons/sq.in. Cycles to 
Ref. No. Machine Main Plate Cover Plates Failure x 10° 
CN2A/1 Schenck 8 5-15 0-094 » 
2 Schenck 6 + 3-85 0-222 
3 Schenck 4 + 2-57 0-693 
4 Los 3 1-93 1-617 
5 Schenck 2°5 + 1-60 2-110 
6 Schenck +2 1-29 4-631 


Remarks 


| Failure from weld end in main plate 


Small crack in main plate at weld end found in static test 





The results for specimens which failed through the 
main plates are plotted in Fig. 8; it will be seen that 
there was no significant difference in strength between 
series CNA and CN2A and between CNOA and 
CN20A. At 2 10® cycles the effect of spot heating 
was to increase fatigue strength from + 2-5 to +7°5 
tons/sq.in. As in series CN20, all except two of the 
specimens in series CN20OA failed inside the end of 
the weld from the weld root. In. specimens CN204A/4, 
5, and 6 the cover plate also failed from the same 
place. Five specimens, CN204A/2, 4x, 6x, 7x, and 8x 
which failed from the heated spot in the main plate, 
were found to have been overheated. A typical macro- 
section of such a heated spot is illustrated in Fig. 2. 
These five specimens exhibited two typical modes of 
failure, one being through the centre of the heatéd 
spot initiated at ‘porosity’ in the centre of the plate 
(Figs. 14 and 24), the second being at the edge of the 
spot initiated at the surface where there was a dis- 
continuity in thickness associated with a large grain 
structure (Figs. 15 and 26). 

Some subsidiary tests were carried out also on 
specimens spot heated by oxyacetylene torches. One 
of these series, CN2OX, is directly comparable with 
series CN2O (Table VII, Fig. 5). It is apparent that 
heating with oxyacetylene torches was not quite so 
effective as heating in the spot welding machine, the 
fatigue strength at 2 10® cycles dropping by about 
1 ton/sq.in. to 10-5 tons/sq.in. 

In series CN2M and CNQ only the main plates and 
cover plates respectively were heated. This resulted in 
the transference of the point of failure to the cover 
plates for series CN2M and to the main plates for 
series CNQ. Thus series CN2M became equivalent to 
series CN and it can be seen from Fig. 4 that the 
results for these groups were virtually identical. In- 
sufficient specimens were tested in series CNQ to 
define fatigue strength but the results are shown in 
Tabie V and Fig. 5. The main object in this case, to 
determine whether the point of failure could be moved, 
was achieved. 


Local compression 

Four series of specimens were tested to determine 
the effect of local compression on both a pulsating 
tension and an alternating load cycle. The results for 
series EN and ENP, tested in pulsating tension, are 
set out in Tables XII and XIII and are shown in the 
form of S/N curves in Fig. 16. The majority of the 
specimens in these two series failed from the weld 
ends in either the gripped or central plates, but in 


specimen ENP/1, tested at 13 tons/sq.in. the primary 
failure was in the weld throat. Specimen EN/2, tested 
at 10 tons/sq.in., also had a small crack in the weld 
throat. In specimen EN/9, tested at 4 tons/sq.in. for 
2-2 x 10° cycles, the fatigue cracks at the weld ends 
were Only found in the subsequent static test, and in 
specimen EN/10, which survived 2:2 10° cycles at 





14—Failure from ‘porosity’ at centre of overheated spot in 
specimen CN20A/4x 





15—Failure from surface at edge of overheated spot in specimen 
CN20A/6x 
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16—Fatigue test results for egg box type specimens. (Pulsating 


tension cycle) 


3-5 tons/sq.in., no cracks were found in the subsequent 
static test. It can be seen from Fig. 16 that the effect 
of the local compression was to produce a 100% 
increase in strength at 2 x 10® cycles, from 3-5 to 7-0 
tons/sq.in. 

Series ENA and ENPA were tested under an alter- 
nating cycle and the results are recorded in Tables 
XIV and XV and in Fig. 17. In series ENA all the 
specimens failed from the weld ends, but in series 
ENPA the majority of specimens failed from the slot 
at the mid length of the welds and only three valid 
results were obtained for direct comparison with series 
ENA. However, al! the results have been plotted in 
Fig. 17, the crosses representing those specimens which 
failed from the slot and which can be regarded there- 
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17—Fatigue test results for egg box type specimens. (Alternating 
cycle) 


fore as forming a lower limit to the S/N curve for 
series ENPA. Hence the fatigue strength at 2x 10® 
cycles was increased from about + 2-5 tons/sq.in. to 
at least + 4 tons/sq.in. The change in the point of 
failure presumably occurred because the local com- 
pression treatment blanketed the notch at the weld 
ends. 


Failures in the welds 


As we stated earlier, during the course of the in- 
vestigation several failures occurred in the welds and 
a summary of these is given in Table XVI. It can be 
seen that all the specimens exhibiting this type of 
failure had short welds and that many of them were 
either spot heated or locally pressed. Both these facts 


Table XI 


Summary of results for series CN2O0A 
(Specimens with $ in. thick cover plates, spot heated) 








Specimen Testing Stress Range, tons/sq.in. Cycles to 
Ref. No. Machine Main Plate Cover Plates Failure x 10° Remarks 
CN204/1 Los +11-°5 7-4 0-064 Failure from end of weld through main plate 
2 Schenck +10 +6°45 0-189 Failed from heat spot and from } in. inside weld end through 
main plate 

3 Schenck 9 + 5-8 0-310 Failure from weld ends through main plate 
; a : - at en Failed from root of weld 1 in. from weld end through main 
é Seheench: : 9 4:5 3-818 plate. Cover plate failed from same point 
4x Schenck + 8 0-493 
= ——- - Le ea Failed from heated spot in main plate 
8x Schenck + 6 0-927 
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ENDURANCE , cycles 


18—Fatigue test results for specimens exhibiting fatigue cracks 
in the weld. (Pulsating tension cycle) 


imply that the specimens were tested at fairly high 
stresses, but in fact the stresses on the nominal throat 
areas were not particularly high. This can be seen 
from Fig. 18 where the fatigue: test results for speci- 
mens with cracked welds have been plotted. 

In two specimens, ENP/1 and CN2/1, the failure on 
the weld throat was the main failure, but in all other 
cases the cracks in the welds formed subsidiary failures, 
the main failures being through the main plates or 
cover plates as discussed previously. The great major- 
ity of weld cracks were initiated at the weld ends at 
the point where the plane of the weld throat first 


Table XII 
Summary of results for series EN 
(Egg box type specimens, as-welded) 





Stress Cycles to 
Specimen Testing Range, Failure 
Ref. No. Machine tons/sq.in. 10° Remarks 
EN/1 Los 0—12 0-153, In all specimens failure 
2 Los 0—10 0-173 | occurred at weld ends, 
3 Los 0—10 0-295 | either in gripped plates 
4 Los O— 9 0-253 | or central plate. 
5 Los O— 8-5 0-534 (EN2 also had small 
6 Los O— 7 0-308 | crack in weld throat 
7 Los O— 7 0-649 | beginning of weld run 
8 Los O— 5 1-207/7 (gripped end). 
9 Los O— 4 2:215 Cracks at weld ends 
found in static test. 
Also cracks in weld 
throat at crater and at 
weld end. 
10 Los 0— 3-5 2-203 No cracks found in 


Static test. 
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penetrated the parent material. At this point there is a 
stress concentration which can be shown theoretically 
to be at least 1-5-2 for the cases under consideration, 
and no doubt this accounts for the failures. Three of 
the specimens, however, showed very interesting 
forms of failure. In specimens ENP/2 and CNO/9. 
cracks occurred through the weld craters, which were 
within the weld length, transverse to the direction of 
the weld, and in specimen EN/9 a crack occurred in the 
plane of the throat through the weld crater, which was 
again within the weld length. The cracks occurring in 
specimen CNO/9 are shown in Fig. 11. 

From these results it would appear that the fatigue 
strength of load-carrying welds as specified in design 
standards may be too high if a weld end, and hence a 
stress concentration, is involved. In addition, the 
fatigue strength of load carrying welds, even without 
the influence of weld ends, may be seriously diminished 
by crater defects. 


Conclusions 


From the experimental work carried out the follow- 
ing conclusions can be drawn: 

(1) The fatigue strength of as-welded mild steel 
specimens of the ‘cover plate’ type containing longi- 
tudinal load-carrying fillet welds was found to lie 
between approx. 3-5 and 5-5 tons/sq.in. at 2x 10° 
cycles, and between 9 and 15 tons/sq.in. at 10° cycles, 


Table XII 


Summary of results for series ENP 
(Egg box type specimens, locally pressed) 








Stress Cycles to 
Specimen Testing Range, Failure 
Ref. No. Machine tons/sq.in. < 108 Remarks 
ENP'\_ Schenck 0—13 0-177 Failure in weld throat 
and small cracks at 
ends of 2 welds 
2 Los 0—12 0-279 Failure from weld ends. 
Also crack in weld 
throat and crack trans- 
verse to weld length 
Fs through crater. 
3 Los , 0—10 0-555 Failure at weld ends 
4 Schenck oO— 8 1-493 | cow i ened 
5 Schenck O-—8 1-501 (CUT Sipped oF 
6 Schenck 0O— 7 TT ace eae 
Table XIV 


Summary of results for series ENA 
(Egg box type specimens, as-welded) 





Stress Cycles to 
Specimen Testing Range, Failure 
Ref. No. Machine tons/sq.in. 10° Remarks 
ENA/\_ Los 8-5 0-119) 
J Cc ~k j . 
a —— ; : oo All failures at weld 
4 a 90 4 1-096 -ends in centre plate, 
$ Schenk 3.5 0-873 main plates or both 
6 Los +3 «4-377 | together. 
7 Los +2°5 2-163 
8 Schenck +2 4:9 Fatigue crack at weld 


end in centre plate in 
static test. 
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Table XVI 


Summary of results for specimens which cracked in the welds 


GURNEY: INFLUENCE OF INDUCED RESIDUAL STRESSES ON FATIGUE STRENGTH 





Stress Range, 


Table XV 


Summary of results for series ENPA 
(Egg box type specimens, locally pressed) 











tons/sq.in. Cycles to 

specimen Main Weld Failure 

Ref. No. Plate Throat x 10° Remarks 

-NP/1 0—13 O—9:-28 0-177 Failure on weld throat 
(main failure) 

‘NO/1 O—13-5 O—9-25 0-147 Crack on weld throat 
(subsidiary failure) 

"N2/1 o—15 0—9:06 0-074 Failure on weld throat 
(main failure) 

>NP/2 o—12 O—8-56 0-279 Crack transverse to 
weld direction through 
crater. Also crack in 
throat 

CNO/2 O—12 O—8:24 0-245) 

CN2/3 0—12 0—7:25 0-230) 

EN/2 o0—10 0—7:15 0-173) ,-; 

r | Failure on throat at 

CNO/S O- 9 0-618 = 1-873 Fone or more weld ends 

CNQ/2 O0—10 0O—6:05 0-356} 

CNO/6 O— 8-5 O—S5-84 0-918 | 

CNO/7 O— 85 O—5-84 1-293 _ 

CNO/9 O— 7:5 O—S5:15 2-227 Transverse crack 
through crater and 
crack on throat at end 

EN/9 o— 4 O—2-29 2-214 Longitudinal crack 


through crater and 
crack at weld end 





for a pulsating tension load cycle. For an alternating 
oad cycle the strength range was about +6 to +7:5 
tons/sq.in. at 10° cycles and +2-0 to +2:5 tons/sq.in. 
at 2x 10® cycles. The lower limits refer to stresses in 
the cover plates and the upper limits to stresses in the 
main plates, intermediate values being associated with 
either. The strengths are summarised as follows: 








Cover Fatigue Strength, tons/sq.in. 
Plate 
Thick- Weld Strength of Main Plate Strength of Cover Plate 
ness, Length, 
in. in. Series 10° 2x10° Series 10° 2x 10° 
Pulsating tension cycle 
3 4-25 — — — CN 9-0 3-5 
6°75 — — — CN(c) 9-8 4-4 
j 4:25 CN2 13-8 46CN2M 9-0 3:5 
6°75 CN2a) 14-9 5-6 _— _ _ 
Alternating cycle 
i 3-75 — _ — CNA(a) +53 +18 
6°75 — — — CNA 5-8 +2-3 
1&3 © CNA 6425 — ams ell 
S&% 6°75 CN2A 7-6 +2°5 


(2) For the particular geometry selected, it was 
found that, in general, cover plate type specimens with 
, in. thick cover plates (ratio of cross-sectional area of 
main plate: area of cover plate= 1 :1-17) failed through 
the cover plates, but that specimens with } in. thick 
cover plates (area ratio=1:1-55) failed through the 
main plates. There were, however, some exceptions to 
this rule. 

(3) Weld length was found to be an important 
variable in determining fatigue strength, greater 
length resulting in enhanced fatigue strength of both 
he main plates and cover plates, as can be seen from 
he Table above. Qualitatively this behaviour can be 

xplained by the fact that the theoretical stress con- 
‘entration factors are reduced by increasing the weld 
ength. 








Stress Cycles to 
Specimen Testing Range, Failure 
Ref. No. Machine tons/sq.in. < 10° Remarks 
ENPA/1\ Schenck +-9-5 0-068 | Failed from weld end 
2 Schenck +8 0-287) in centre plate 
3 Los +6 0-915 Failed from slot and 
from weld end in centre 
plate 
Ix Schenck +7 0-337 
2x Schenck 7 0-406 
3x Schenck +6 0-647 
4x Los + 5-5 1-025 | Failed from end of 
5x Schenck +5 1-146 ( slot 
6x Schenck +5 1-250 
7x Schenck L-§ 1-455 
8x Schenck 4 1-959 





(4) The effect of spot heating was to increase the 
fatigue strength at 2 x 10° cycles by 88% to 200%. The 
results obtained are summarised as follows: 


Fatigue Strength, tons/sq.in. 








Pulsating Tension Alternating 

Specimen Condition 10° 2x 10° 10° 2x 10° 
Failure in the main plate 
As-welded 13-8 4-6 + 7-5 2:5 
Spot heated 18-0 11-5 +- 10-7 +-7+§ 
Increase of strength, % 30 150 42 200 
Failure in cover plates 
As-welded 9-0 3-5 + 5-8 +2+3 
Spot heated 12-1 6°6 — + 6-0 
Increase of strength, °% 33 88 — 160 


(5) The effect of local compression was to increase 
fatigue strength at 2 10® cycles by about 100% for 
both pulsating tension and alternating loading. The 
results are summarised as follows: 


Fatigue Strength, tons/sq.in. 








Pulsating Tension Alternating 
Specimen Condition 10° 2x 108 10° 2x 10° 
As-welded 12-5 xo t 8-4 +2:2 
Locally pressed 14-5 7-0 —— t-4-5 
Increase of strength, % 16 100 -— 100 
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News of the Institute and Branches 


B.W.R.A. 
and Industry 


MEETINGS 


Christmas Lecture 


The Annual Lecture to Young People 
will be given at the Institute on Thurs- 
day, 4th January 1962. The lecturer will 
be Mr. John Strong, and tickets will be 
available by the beginning of December. 

Members are advised to make early 
application on behalf of young members 
of their families. 


Fifth Annual Lecture 


Dr. P. F. R. Venables, Principal of 
the City of Birmingham College ‘of 
Advanced Technology has accepted the 
President’s invitation to give the Fifth 
Annual Lecture. His subject will be 
“The Place of Welding in the National 
Programme of Technical Education”. The 
date of the lecture will be 22nd March 
1962 (not 8th March) as announced in 
the London Meetings Programme. 


WELDING ENGINEERING 1962 


Nearly forty companies have already 
booked space for Welding Engineering 
1962, the Institute of Welding Exhibi- 
tion in connection with the Spring 
Meeting at Buxton next May. This will 
be the most representative display of 
British welding equipment to be held in 
connection with an Institute meeting, 
and a very large attendance is expected. 


PHYSICS OF ARC WELDING 


Some eighteen of the authors who 
will be presenting thirty papers on 
different aspects of the Physics of the 
Welding Arc at the Autumn Meeting 
next year, met at the Institute on 26th 
September last under the chairmanship 
of Mr. J. F. Lancaster to discuss the 
planning of the symposium. Among 
those present were: 

Mr. J. C. Amson (United Kingdom) 

Dr. O. Becken (Germany) 

Dr. M. Bertung (Denmark) 

M. F. Dennery (France) 


Other Societies 


INSTITUTE ACTIVITIES 


M. L. F. Defize (Netherlands) 

Mr. K. Goldman (United Kingdom) 

Mr. L. A. King (United Kingdom) 

Dr. Mantel (Germany) 

Dr. D. R. Milner (United Kingdom) 

Dr. J. C. Needham (United Kingdom) 

M. A. Rudaz (Switzerland) 

Dr. G. R. Salter (United Kingdom) 

M. J. F. Sunnen (Belgium) 

Mr. A. A. Smith (United Kingdom) 
The papers will fall into four groups 
dealing respectively with Arc Structure, 
Electrical Characteristics, Metal Trans- 
fer and Metallurgy. 

In the afternoon Monsieur A. Leroy, 
Scientific and Technical Secretary of the 
International Institute of Welding and 
Mr. G. Parsloe, Secretary General, 
presided jointly over a session of the 
same meeting at which Monsieur Leroy 
explained the proposals for the forma- 
tion of a Study Group on Welding Arc 
Physics within the International Insti- 
tute of Welding and sounded the 
opinion of the experts present. There 
was unanimous support for the proposal 
to set up a small permanent Study 
Group on an international basis and to 
empower it from time to time to convene 
larger gatherings of workers in this 
field, similar to the 1962 Autumn Meet- 
ing of the British Institute. 


ELECTION OF MEMBERS 


The following elections have been 
made effective from the dates indicated: 


Members 


H. B. Cary (Ohio, U.S.A.); *C. E. 
Jackson (New Jersey, U.S.A.)—25.7.61. 


Associate Members 
F. C. Kay (Australia) —23.2.61 
A. R. K. Bawden (Lincs.); H. Horton 
(Lancs.); G. I. Lewis (Hants.)—25.7.61 


Companions 


R. Bennett (Herts.); C. T. Marsh 
(Lancs.) —25.7.61 
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Graduates 


S. K. Sarkar (India) —15.12.60 
D. S. Crighton (Kent); P. K. Ghosh 


(India) —15.6.61 

A. D. Daghlian (Iraq); R. E. Fretwell 

(Somerset) —25.7.61 
Associates 


R. Hill (Glasgow); D. L. Thompson 
(Essex); K. Wootton (Warwicks.) 
—15.6.61 
A. R. Cuthbertson (Co. Durham); 
W. G. Goldfinch (London); B. M. O. 
Jones (London); J. McDougall (Co. 
Durham); tS. P. Rao (India); R. Stewart 
(Mddx.); G. D. Stitt (Bristol) —25.7.61 





*Transfer from Associate Member. 
+Transfer from Graduate. 


NEWS OF MEMBERS 


Mr. G. W. Lanfear has been ap- 
pointed Welding Engineer to the Decca 
Group of Companies. 


Mr. L. F. Denaro has relinquished his 
position as Assistant to the Managing 
Director of the International Nicke! Co. 
(Mond) Ltd. to become General Mana- 
ger of Publicity, in succession to Mr. 
A. C. Sturney. 


Mr. R. Butler, formerly a Director of 
Quasi-Arc Ltd. (B.O.C.), has been 
appointed Managing Director of Eutec- 
tic Welding Alloys Co. Ltd. 


Obituary 
The Council regrets to- record the 
deaths of the following members: 


Mr. C. Fleet (South London, Nem- 
ber 1923) 


Mr. N. F. Wheeler (Southern Coun- 
ties, Assoc. Member 1945). 


Mr. R. E. Blackburn (North Loncon, 
Slough, Assoc. Member 1937). 











MAMMAL ALLL ILLIDAN EE I LN 





Automatic Grinding 
for X-ray Inspection 


The grinding of welds becomes a completely automatic process with the 
Thompson grinding head. This machine manufactured by Donald Ross 
& Partners Ltd., speedily removes excess weld overburden and provides 
a quality finish which is ideal for X-ray inspection purposes. The head 
will automatically grind both longitudinal and circumferential welds and 
it is mounted on a column and boom so that it can be used on both the 
internal and external seams of welded cylinders, boiler shells and pressure 
vessels, etc. The machine relieves up to four operators of the noisy and 
arduous task of manual grinding and requires only one semi-skilled work- 
man for its successful operation. The Thompson grinding head is fast, 
efficient and automatic. It is a modern machine which will save time, 
labour and money in addition to speeding up production. 


DONALD ROSS & PARTNERS LTD - Grawley + Sussex 
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CONTRIBUTORS TO 
THE JOURNAL 


R. D. Johnston, B.Sc., A.I.M., who 
is born in 1930, is in the Department 
Metallurgy at Battersea College of 
Technology. He was educated at Bed- 
rd School after which he entered the 
sllege (then Battersea Polytechnic) 
here he took Intermediate B.Sc. and an 


| onours Degree in Metallurgy as an 
ternal student of the University of 
| ondon. During this time, he also ob- 
t.ined an Associateship of the Institu- 
ton of Metallurgists, and in 1957 was 
ewarded a British Oxygen Research 
| ellowship, enabling him to carry out 
ork on the welding of rare metals, in 
conjunction with the U.K.A.E.A. 

In September 1960 Mr. Johnston 
joined the teaching staff at Battersea, 
and is at present engaged on further 
research as a development of the work 
outlined in his paper, published in 
this issue of BWJ. 


BRANCH NEWS 


Sessional Programmes 


IN.E. Tees-side 


The meeting announced for 18th 
December (BWJ, October, p.504) has 
een cancelled. The revised date and 
'ecture will be given later in the Diary. 


The title of the lecture by Dr. Tylecote 
on the 4th January (BWJ, September, 
.460) is ‘The Archaeology of Metal 
abrication” and not as published. 


=South Western 


The dates of the sessional meetings 
nnounced in BWJ, September, p.461) 
e as follows: 5th Oct.; 6th Nov.; 5th 
ec.; 9th Jan.; Sth Feb.; Sth March. 

In addition, the Annual Dinner will 


NEWS AND ANNOUNCEMENTS 


be held at the Grand Hotel, Broad Street, 
Bristol, on 8th December, and the An- 
nual General Meeting will be held at 
Radiant House, Bristol, on 9th April. 

Meetings commence at 7.15 p.m., 
except that on the Sth December which 
will start at 6.15 p.m. and will be held 
at the Congregational Hall, Avonmouth. 


lam aeeiie Slough Section 


3rd Oct.—** Choice of welding materials” 
by L. M. Gourd. 

15th Dec.—**The all-welded Maidenhead 
Bridge” by J. S. Allen 

6th Feb.—Demonstration of fine wire 
welding—Government Training Cen- 
tre, Slough 

23rd March—Joint Annual Dinner— 
Quaglino’s Restaurant 

3rd April—Annual General Meeting, 
followed by Question Evening, “Any 
welding queries?” 


Meetings are held in the Lecture 
Room, Slough Community Centre, 
Farnham Road, commencing at 7.30 
p.m. 


South London 


11th Oct.—*‘ Metallurgical aspects of re- 
sistance welding” by D. R. Thorney- 
croft 

8th Nov.—‘‘Fatigue and its effect on 
welding design” by T. R. Gurney 

13th Dec.—** Modern welding techniques 
and inspection of aluminium welds” by 
D. G. W. Claydon and H. C. Con- 
stantine. (Joint Meeting with North 
London Branch) 

10th Jan.—‘*Welding for low-tempera- 
ture service” by R. E. Lismer 

14th Feb.—* Welding in the oil industry” 
by G. W. Benzie 

14th March—*The use of welding on 
London Transport Railways” by E. E. 
Laird 

23rd March—Joint Annual Dinner— 
Quaglino’s Restaurant 

11th April—Annual General Meeting 
followed by Continental Films 


Meetings are held at 54 Princes Gate, 
commencing at 7.30 p.m. 


Medway Section 


27th Sept.—‘‘Economics of arc welding” 
by J. K. Johannesen 


Ist Nov.—‘‘Terminal harbours and trans- 
continental pipeline’ by N. W. Grey— 
at Fred. Braby & Co. Ltd., Crayford 


7th Feb.—‘‘Fabrication of heat exchang- 
ers for Bradwell Power Station” by T. 
E. M. Jones and B. K. Twigg 


7th March—Demonstrations of auto- 
matic and semi-automatic equipments 
using inert-gas processes—Medway 
College of Technology, Chatham 


555 


23rd March—Joint Annual Dinner— 
Quaglino’s Restaurant 
16th April—Annual General Meeting 


Except where otherwise indicated, 
meetings are held at The Sun Hotel, 
Chatham, commencing 7.30 p.m. 


Branch Committees 1961-62 

The following honorary officers and 
members of committees have been 
appointed for the session 1961-62. 


Indian 


President 
Chairman 
Vice-Chairman 
Hon. Treasurer 


Sir L. P. Misra 
B. N. BANERJEE 
S. K. PATHAK 
B. N. BHATTA- 
CHARJEE 


Hon. Secretary B. N. MAJUMDAR 


Committee 


S. Basu P. K. MALLICK 

R. GHOSH S. S. MUKHERJEE 

P.C. KAVANAGH J. A. MULIYIL 
V. VENKATESAN 


BRITISH WELDING 
RESEARCH ASSOCIATION 


** Automatic Welding” 


Translation into English of all twelve 
issues of the Russian welding journal 
‘Avtomaticheskaya Svarka’ for 1960 has 
now been completed by the Association. 

A particular feature of this journal, 
the translation of which is sponsored by 
the Department of Scientific and Indus- 
trial Research, is its ‘broad spectrum’ 
readability. Science, in the Soviet Union, 
is regarded very much as an industrial 
tool and most of the Institutes concerned 
with research are also the designers of 
the equipment and machinery used for 
its application to production. As a re- 
sult, the relationship between research 
and its practical aspects — how it is 
related to improving quality, increasing 
production or improving the lot of the 
operator—tends to be made much more 
clear than is often the case in Britain. 
Vigorous and critical appraisals of tech- 
niques and equipment by personnel at 
all levels are regularly published in the 
appropriate journals. 

Considerable interest was aroused in 
the West by earlier reports appearing in 
Automatic Welding of the development 
and extensive industrial application in 
Russia of electroslag and friction weld- 
ing. The former technique has now been 
applied to heavy constructional engin- 
eering in the U.K. and the latter, follow- 
ing the building of a prototype friction 
welder by B.W.R.A., will shortly take 
its place among other production weld- 
ing processes in the U.K. 

Already, as the 1960 issues of Auto- 
matic Welding show, both techniques 
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have found further application; electro- 
slag welding as a means of remelting and 
refining metals; friction welding as a 
hardfacing and rebuilding technique. 
Further, with the use of rotated metal 
inserts, friction welding is now applied 
to a much wider range of products than 
has hitherto been possible. 

One of the principal aims in the 
Russian engineering industry is to mech- 
anise processes wherever this can be 
done, and the extensive use of prefabri- 
cation methods, even with such struc- 
tures as large-capacity oil tanks and 
blast-furnace casings, enables much of 
the work on these structures to be car- 
ried out by automatic and semi- 
automatic means. Rolled structural 
members are; to an increasing extent, 
being replaced by welded components 
built up from coiled sheet steel and, 
during 1960, a national competition, 
with cash prizes of up to 10,000 roubles, 
was organised with the object of further 
increasing mechanisation of welding 
processes and of replacing orthodox 
methods of manufacture (casting, rolling, 
forging) by welded fabrication. 

A technique first described in Auto- 
matic Welding in 1959, and at that time 
regarded in Britain largely as a curiosity 

the use of steam as a shielding medium 
—has been further exploited and evi- 
dence is given that the process is being 
used on a production scale in several 
Russian engineering works. In common 
with friction welding the process was 
considered initially as a means of over- 
coming the difficulties of power supply 
to outlying sites but its use has been 
extended to works where such problems 
do not arise. 

While much of the Russian work 
parallels that carried out in Britain, the 
regular appearance in Automatic Weld- 
ing of papers on non-conventional, but 
often surprisingly practical, techniques, 
coupled with forthright discussions at 
all levels on all aspects of welding and 
mechanisation, fully justifies the deci- 
sion of D.S.I.R. to sponsor its transla- 
tion. 


INTERNATIONAL 
INSTITUTE OF WELDING 


1961 Annual Assembly in New York 


A brief report on this Assembly was 
given in “International Welding”, No. I 
(BWJ, Supplement, June 1961, p. 36s). 
The following is a more complete report 
issued by the ITW. 

For the first time since its foundation 
in 1948, the IlW held its Annual 
Assembly in 1961 outside Europe. The 
American Welding Society (AWS), on 
behalf of the American and Canadian 
Councils of the IIW, organised this 
Assembly in New York from IIth to 
18th April, 1961. Some 530 persons 
(delegates, experts and observers and 


those accompanying them) from twenty- 
two member countries attended and 
were invited to be present also at the 
forty-second Annual Meeting of the 
AWS held in the following week. Many 
tributes were paid to the Organising 
Committee and the AWS staff for the 
outstandingly successful organisation of 
these two large meetings in consecutive 
weeks. 


Programme 


After preliminary meetings of the 
Executive and Governing Councils, the 
Assembly was formally opened on 12th 
April at a session at which Mr. W. 
Edstr6m, President of the ITW, Mr. 
R. D. Thomas Jr., President of the 
American Welding Society, and Mr. 
A. B. Kinzel, member of the National 
Academy of Sciences, spoke. 

From 12th to 15th April each of the 
fifteen technical Commissions of the 
Institute held four meetings which con- 
stituted the principal business of the 
Assembly. Particulars of some of the 
work accomplished and of decisions 
taken by the Commissions are given 
below. 

At the end of the Commissions’ 
sessions and before the presentation of 
their resolutions to. the Governing 
Council, delegates and experts held 
meetings by countries to consider, from 
their respective national viewpoints, the 
results of the Commissions’ work. 

The Governing Council considered 
the Commissions’ resolutions at a 
meeting on 18th April which was fol- 
lowed b\ a meeting of the Executive 
Council. 


Decisions of the Governing Council 
(a) Vice-Presidency of the 1IW 

The terms of office as Vice-President 
of the ITW of Professor H. Kihara 
(Japan) having expired this year, Pro- 
fessor J. Cabelka (Czechoslovakia) was 
elected to succeed him. 


(b) New Member Country 

The Israel Institute of Metals was 
elected to membership. This is the first 
Israeli body to join the IlW and its 
election brings the number of member 
countries to twenty-nine. 


(c) Constitution of the IIW 

The Constitution of the IIW was 
amended so that the Chairmen of Com- 
missions are appointed, not for an 
indefinite period, as hitherto, but for a 
period of five years with the possibility 
of immediate reappointment. As a result 
of this amendment, with effect from 
1962, the terms of office of the Chairmen 
of three of the fifteen Commissions, 
taken in sequence, will end each year. 


Work of the Commissions 


(a) Documents for Publication 
As usual, member societies of the IW 


will have the opportunity to publish, i, 
their own journals and in the specialise | 
reviews of their countries, the reporis 
prepared by the Chairmen of the Inst - 
tute’s Commissions on the work carrie { 
out since the Assembly in Liége(Belgiun ) 
in 1960 and during the New Yor: 
meetings. 

In addition, various documents, sone 
presented to the Commissions by the r 
authors, others prepared by the Con - 
missions themselves, one which is . 
summary of a document of which tl = 
complete text is available but nc: 
altogether suitable for publication, and 
finally one emanating from the Scientif - 
and Technical Secretariat, were recor - 
mended for publication in the reviews « f 
member countries. These document», 
which number seventeen, are as follow: : 

The present state of development cf 
the applications of gas pressuie 
welding in certain member cour- 
tries of the ITW. 

Comparative study of butt-weldinz 
methods of steels and non-ferrous 
metals used in different countries. 

Considerations on the influence of 
various factors in the magnetic 
particle inspection of surface defects 
in welds. 

Report on the use of the controlled 
thermal severity (CIS) test in differ- 
ent laboratories. 

Calculation and measurement of 
residual stresses due to spot heating. 

Investigation on the shrinkage due to 
multiple spot heating. 

Radiography of welds on boilers and 
pressure vessels (First Part: Prin- 
ciples). 

Porosity in welds made in_ inert 
atmospheres on light alloys. 

Tentative methods of testing weld 
metal deposited by submerged arc 
welding (mild steel). 

Particular instances of fatigue failures 
(5 documents). 

Note on the IITW enquiry on fatigue 
failures in service. 

Fabrication of welded sheet construc- 
tions by the rolling-up method. 

Nomenclature of the welding process. 

In addition, two documents will 
shortly be issued in the form of publica- 
tions of the IIW itself: 

Collection of reference radiographs of 
welds in aluminium and its alloys 
and in magnesium and its alloys. 

“Resistance Welding” section (in |7 
languages) of the Multilingual Col- 
lection of Terms for Welding and 
Allied Processes. 

Furthermore, eight radiographs have 
been added to the Collection-of Refer- 
ence Radiographs of Welds on Steel 
which is one of the publications of t'ie 
IIW. 


(b) Relations with ISO and ILO 

A recommendation was made for the 
transmission to ISO/TC 11 SC 3 
“Unification of boiler codes—Welde‘ 
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construction” ofa document giving infor- 
mation on the provisional values of 
image qualities necessary in radiography 
of pressure vessels in steel for thick- 
nesses lower than 200 mm (8 in.) 

‘n addition, the I{W appointed an 

observer at the meetings in Helsinki of 
the plenary committee of ISO/TC 44 
“\ Velding”’. 
Nith regard to the International 
bour Office, arising out of previous 
ccntacts between it and the Executive 
Council of the IIW, Commission XIV 
“\Velding Instruction” is to collaborate 
w ‘h ILO in the preparation of recom- 
m ndations on the training of welders 
aid welding instructors in accordance 
w th a programme proposed by ILO; a 
new working group will deal with this 
qi estion. 


— 


(c: Terms of Reference of the Commis- 

sions 

Following upon the decisions taken 
last year concerning the study of certain 
nw welding processes, arrangements 
h: ve been made to clarify the division 
bi tween Commissions II ““Arc Welding” 
aid XII “Special Arc Welding Proces- 
se.” of the study of different processes 
aid methods of arc welding. In par- 
ti ular, it was decided that, if metal-arc 
welding with continuous covered elec- 
trodes or with the mechanical feeding of 
vering is within the terms of reference 
o! Commission II when there is no gas 
shielding, this process used with gas 
ielding should fall within the sphere of 
activity of Commission XII. 

Furthermore, metal-arc welding with 
stationary covered electrode (or fire- 
cracker welding) and metal-arc welding 
with continuous bare electrode (without 
shielding), which were previously within 
the terms of reference of Commission 
XII, are now to be within those of 
Commission IT. 
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(¢) Setting up of a Sub-commission and 

Working Groups 

A Sub-commission was set up within 
Commission XII “Special Arc Welding 
Processes”’ to study problems relating to 
new special arc welding processes. In 
addition, apart from working groups 
composed of members of Commissions, 
it was decided to set up an IIW group for 
the study of arc physics; this group is of 
interest both to Commission II “Arc 
Welding” and Commission XII “Special 
\rc Welding Processes’. The prepara- 
tions for its formation will be the 
responsibility of the Executive Council 

the IITW and the two Secretaries who 
will get in touch with a certain number 
© the authors chosen to present papers 
a’ the meeting on the theme “Arc 
Pysics” which the Institute of Welding 
it the United Kingdom is to hold in the 
Autumn of 1962. 


(.) Houdremont Lecture ' 
The Houdremont Lecture was this 


NEWS AND ANNOUNCEMENTS 


year delivered by Professor Cohen 
(United States). 


Exhibitions of Publications and Docu- 
ments 


During the Assembly much interest 
was shown in a display of all the publi- 
cations of the IIW and of copies of all 
the documents emanating from the 
Commissions which have been recom- 
mended for publication in the journals 
of member countries. 

A Catalogue of new publications on 
welding and allied processes published 
throughout the world and exhibited for 
the first time at Opatija in 1959 and 
Liége in 1960 has been prepared by the 
Belgian Organising Committee for the 
Liége Assembly with the collaboration 
of the Yugoslav Organising Committee 
for the Opatija Assembly. This docu- 
ment, which was exhibited at New York 
and has been distributed to the national 
delegations, completes the first four 
sections of the Catalogue which, taken 
as a whole, constitutes a general biblio- 
graphy on welding and the allied proces- 
ses. 


AWS Annual Meeting 


No public session or lectures, apart 
from the Houdremont Lecture, were 
organised during the II!W Assembly 
because it overlapped with the Annual 
Meeting of the AWS which was held 
from 17th to 21st April. At the invitation 
of the AWS the majority of IIW 
participants attended various items on 
the programme of this meeting which 
included as well as a banquet on 17th 
April, plant tours and visits to the 
Welding Exposition, the presentation of 
numerous papers; nine of these were 
given by non-American members of the 
Commissions of the IIW and dealt with 
aspects of the work of the Commissions 
concerned. 

The titles and authors of the papers 
concerned are as follows: 

**Notes on the appreciation of brazing 
filler metals and fluxes” by C. G. 
Keel (Switzerland), G. M. A. Blanc 
(Switzerland), and J. Colbus (Ger- 
many) 

“Gas mixtures in shielded-arc weld- 
ing with consumable electrode”’ by 
M. M. Komers (Germany) and L. 
Wolff (Germany) 

“The solutions adopted in some diffi- 
cult applications of flash welding” 
by M. E. Bylin (Sweden) 

“Evaluation of the fatigue limit of 
welded steel assemblies using a 
single welded specimen or test 
element” by R. Cazaud and H. de 
Leiris (France) 

“The calculation of welded connec- 
tions’ by A. Van Douwen (Nether- 
lands) 

‘Pressure vessel design requirements 
in the future’ by W. B. Carlson 
(United Kingdom) 
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“The role of hydrogen in arc welding 
with covered electrodes” by N. 
Christensen (Norway)* 

“Influence of residual stresses and 
metallurgical changes on low-stress 
brittle fractures in welded steel 
plates’ by A. A. Wells (United 
Kingdom)* 

“Inspection and measurements of 
properties of welds on plastics” by 
G. A. Homés (Belgium) 

In addition the AWS chose, from 
among names which it asked the II[W 
to put forward, Mr. H. Granjon 
(France), to give the AWS Adams 
Lecture for 1961 and Professor N. N. 
Rykalin (USSR) to present two papers 
in the AWS Educational Lecture series. 

The title of the Adams Lecture was 
“Studies on Cracking of and Trans- 
formation in Steels during Welding”, 
while that of the Educational Lectures 
was “‘Heat Sources, Heat Flow and Heat 
Effects in Welding”. 


Visit to Canada 


On 20th April many participants in 
the IIW Assembly took part in an 
expedition to works in the Niagara 
Falls area. This expedition was arranged 
by the Canadian Council of the ITW 
which supported the AWS in the organ- 
isation of the Assembly. 


1962 Annual Assembly 
in Oslo 


The 1962 Annual Assembly of the 
IIW will be held in Oslo, Norway, from 
25th to 30th June. The programme will 
follow the usual pattern and will include 
a formal opening session, meetings of 
the Governing and Executive Councils 
at the beginning and end of the Assem- 
bly, the Houdremont Lecture, and four 
days devoted to meetings of the fifteen 
technical Commissions and their Draft- 
ing Committees. In addition, there will 
be a series of four lectures on “‘High 
Pressure Pipelines and Penstocks’’, to be 
held on 25th, 26th, 27th and 30th June. 
The lecturers will come from France, 
the United States and the U.S.S.R., and 
these sessions will be open to all 
participants. 

An exhibition of publications from 
the various member countries of the 
IIW, featuring all kinds of welding 
literature and standards, is being ar- 
ranged, and there will be an additional 
international exhibition of publications 
on the theme “Design of Welded Con- 
structions”. 

During the week following the 
Assembly, from 31st June to 6th July, 
round trips will be organised, so as to 
enable participants to see Norwegian 
industry and research laboratories. 





* Published in the April 1961 issue, volume 
40, number 4, of Welding Journal. 
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Any further information may be 
obtained from the Honorary Secretary, 
Joint Committee for International Weld- 
ing Relations, 54 Princes Gate, Exhibi- 
tion Road, London, S.W.7. 


Future Assemblies 


The Governing Council of the ITW 
has accepted an invitation from the 
Finnish Welding Society to hold the 
1963 Assembly in Helsinki. 


EDUCATION 


An increasing awareness of the need 
for instruction in welding design and 
practice is shown by the following notes 
on courses that have been arranged by 
several technical colleges in the London 
and Birmingham areas. 

Those interested should obtain further 
details and application forms from the 
Principals of the Colleges concerned. 


Welding Technology for 
Structural Steelwork 


An evening course of ten special 
lectures on “Modern Developments in 
Welding Technology and their Applica- 
tion to Structural Steelwork” is being 
given in the Building and Civil Engin- 
eering Department of Twickenham 
Technical College on Tuesday evenings 
from 7.00 p.m. to 9.00 p.m. This course 
commenced on 17th October, and the 
lectures were by specialists from industry 
covering Welding Processes and Proce- 
dures, Welding Plant and Accessories, 
Types of Joint, Welding Metallurgy, 
Faults and Distortion, Methods of Test- 
ing, Specifications, Recent Develop- 
ments. 

The course is intended for engineers 
and designers of Graduate or H.N.C. 
status, and will be followed by a supple- 
mentary course commencing Tuesday, 
16th January, 1962, on “The Practical 
Design and Detailing of Modern Welded 
Structures”. 

Further particulars may be obtained 
from the Twickenham Technical Col- 
lege, Egerton Rd., Twickenham, Middx. 


Civil and Mechanical Engineering 


A course on “Steel Bridge Design’’ (23 
meetings) and one on “Design of Rigid 
Jointed Multi-storey Steel Frames” (11 
meetings) commenced on 2nd October 
at the Northampton College of Ad- 
vanced Technology, St. John Street, 
London, E.C.1. 

A third course on “Plastic Design in 
Steel” (11 meetings) with Mr. E. Good- 
win as lecturer, will commence at the 
College on 8th January 1962. 

A similar course “Plastic Design of 
Structures” with lectures by Mr. J. 
Corbett, commenced at the Birmingham 
College of Advanced Technology, Gosta 
Green, Birmingham, on 2nd October (20 
weekly meetings). 


Welding Techniques 


Five full-time meetings on “Recent 
Developments in Welding Techniques’, 
with various lecturers, are to be held on 
5th and 6th April 1962 at the Wolver- 
hampton and Staffordshire College of 
Technology, Wulfruna Street, Wolver- 
hampton. 


Design Appreciation 


Also of interest to engineers respon- 
sible for design will be an Engineering 
Executives’ Course on “*Design Appre- 
ciation” from. 27th November to Ist 
December. This has been arranged by 
the Council of Industrial Design, 28 
Haymarket, London, S.W.1, and is 
specially prepared for engineering man- 
agement. It aims to show the developing 
importance of individual design aspects 
in engineering, and to describe how 
improvement in design can be made. 


NEWS FROM INDUSTRY 


Goliath Crane for Dungeness 


A 40 ton goliath crane of welded box 
girder construction has been supplied to 
Whessoe Ltd. for use during the con- 
struction of the two reactor pressure 
vessels at the Dungeness Nuclear Power 
Station. 

With a span of 200 feet and a 65 ft. 
height of lift, the crane is notable for 
the use of a triangular section welded 
box girder; this is cheaper to manufac- 
ture and weighs less than the corres- 
ponding conventional rectangular sec- 
tion. 

The crane, which is illustrated on the 
front cover, has been manufactured by 
J. H. Carruthers & Co. Ltd., of East 
Kilbride, who have specialised since 
1954 in the construction of cranes using 
welded box girder sections. 


The Manchester Joint Research Council 


The Manchester Joint Research 
Council was established in 1944 as a 
co-operative effort between the Univer- 
sity of Manchester (which includes 
Manchester College of Science & Tech- 
nology) and the Manchester Chamber 
of Commerce. The broad objective of 
the Council is to further the contacts 
between science and technology, on the 
one hand, and industry on the other. 

The Council has organised a number 
of lectures, discussion meetings and con- 
ferences designed to spread ideas and 
understanding concerning some of the 
many aspects of the relations between 
science and industry. In addition it has 
established a liaison service between 
local industry and science and techno- 
logy, and information on the scope of 
this service is included in the pamphlets 
recently issued by the Council under the 
titles “Sources of Scientific and Technical 
Information available to Local Industry” 
and *‘An Account of some of the Scientific 
and Technological Facilities which Man- 


chester University and Manchester C>l- 
lege of Science & Technology can offer to 
Industry”’. 

As part of the work of the liaison 
service, a free Technical Informat on 
Service now operates with the aid o a 
grant from DSIR to help firms with te: h- 
nical and other problems, by putt ng 
them in touch with suitable sources of 
information. These sources also incli de 
the fifty-two Research Associations and 
the DSIR Research Stations. Contac is 
maintained with these bodies so that ‘he 
scope of their work and interests is 
known and enquirers can be advised 
accordingly. 

In addition to Council members a 
number of firms have appointed senior 
members of their staffs as “Associate 
members”. These Associate members 
may like to suggest profitable subjects 
for investigation and discussion and a‘so 
to seek advice from the Council. 
Although these activities are not limiied 
to Associate members, it is hoped by the 
Council that firms may feel that they are 
doing something to further the future 
prospects of industry in the Manchester 
area through the appointment of senior 
members of their staffs as Associate 
members. Some Associate members 
have already offered their services to the 
Council in an advisory capacity and any 
further offers of this type would be wel- 
comed. A nominal fee of £1 Is. per 
annum is charged for Associate member- 
ship of the Council. 

Applications for Associate member- 
ship, copies of the two pamphlets men- 
tioned above and all enquiries (including 
those relating to technical problems) 
should be addressed to The Executive 
Officer, Manchester Joint Research 
Council, c/o Manchester Chamber of 
Commerce, Ship Canal House, King 
Street, Manchester, 2. (Tel: DEAnsgate 
5574). 


C.E.G.B. Research Laboratories 


Mr. L. Rotherham, Board Member 
for Research, recently opened the new 
N.W. Region Laboratories of the Cen- 
tral Electricity Generating Board at East 
Didsbury, Manchester. 

The laboratories will, in general, be 
responsible for research studies which 
will lead to improved efficiency and 
availability of plant within the N. W. 
Region, and it is expected that much of 
the Board’s work on welding will be 
done there. 

The head of the new department is 
Mr. J. Harvey, Regional Research and 
Development Officer. 


Avoiding distortion in cutting 
Underwater cutting, for repair work 
on submerged structures, has several 
practical disadvantages, but has the 
distinct virtue of reducing thermal ds- 
tortion to a minimum. From time ‘0 
time this technique is adopted in norm:l 
fabrication, the practical difficultis 
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Electric Welding Department, Quasi-Arc Works, Bilston, Staffs. Telephone: Bilston 41191 
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light weight cutting machine 





The light weight Pug is a new portable cutting machine made by British Oxygen. Tough 
and reliable, the Pug has important new features—- making high quality mechanised 
oxygen cutting available to an ever-widening range of industries. The Pug is built for 
safety, reliability and long working life. 


Cuts and bevels 2 in. steel. >< 3in.to45 in. diameter circles. >*% A.C./D.C. motor. 
Long trouble-free working life. Ask for demonstration. 


THE BRITISH OXYGEN COMPANY LTD (qq) 


LIGHT INDUSTRIAL DEPARTMENT, SPENCER HOUSE, 27 ST. JAMES’S PLACE, LONDON, S.W.1 7 
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being reduced by the small ‘depth’ of 
submersion. An example has recently 
been brought to our attention by the 
British Oxygen Co. Ltd. 

At the Consett Iron Co. Ltd. 1,500 
convector plates }; in. thick were pro- 
ied with a ‘Bison’ cutting machine 
under } in. of water. Although the cut- 
tng speed was thereby reduced by some 
)»% the technique proved to be eco- 
ymic by eliminating the need for 
s.raightening or flattening the plates 
ter cutting. 


‘uropean Directory 
A four-language industrial informa- 
on book ‘ABC Europ Production’ has 
een published by ABC Verlagshaus, 
Jarmstadt, Germany, at a price of 
3 8s. Od. including postage. The direc- 
wry includes extensive product indices 
()» the names and addresses of some } 
iillion firms. The main section contains 
«bout 10,000 article headings under 
hich the individual manufacturers of 
sven European countries are recorded. 


ot 


Welding Guide 

Rockweld Ltd. have issued a concise 
reference guide to their range of elec- 
trodes, welding plant, and accessories. 


Stud-welding Conference 


A recent Overseas Licensees Reunion, 
organised by Crompton Parkinson (Stud 
Welding) Ltd. and their American asso- 
ciates, Gregory Industries Ltd., was 
attended by representatives from 15 
countries. 

The party first travelled to S. Wales 
to study manufacturing methods and to 
see an exhibition of stud-welding equip- 
ment and demonstrations of new tech- 
niques. This was followed by a two-day 
conference for the exchange of views on 
technical matters and a discussion of 
stud-welding applications. 


Electric Stress Relieving Furnace 


A large stress relieving furnace, 80 ft. 
long and 27 ft. square, for the treatment 
of nuclear heat exchangers and other 
large fabrications, has been erected at 
the Thornaby Works of Head Wrightson 
Teesdale Ltd. 

The furnace breaks away from tradi- 
tional forms of construction; no fire- 
brick is used, the hearth, walls and roof 
being constructed mainly of 8 ft. square 
mild steel panels filled with compressed 
mineral wool slabs. 

The two illustrations show the general 
scheme of construction. The roof panels 
are fixed to joists under the roof truss; 
the walls are suspended from movable A 
frames running on transverse bogies; 
and the end walls can be lifted in two 
pieces by a mobile crane. 

The workpiece is supported on cradles 
sitting on the furnace floor, which is also 

panel form and is carried on bogies. 

The furnace is of the closed type, so 

at scaling is reduced to a minimum. 


NEWS AND ANNOUNCEMENTS 








Large stress relieving furnace at Head Wrightson Teesdale Ltd. 


Heating is by a series of 40 kW units of 
12 coiled elements in sintered alumina 
sleeves supported in stainless steel 
channels. The maximum consumption is 
1500 kW at mains voltage. The design 


was by Cooper Electroheat Ltd., who 
also supplied the furnace panels and 
heating units. Head Wrightson con- 
structed the bogies, cradles and support- 
ing steelwork and erected the furnace. 
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Ferro Alloy Industry in India 


The National Metallurgical Labora- 
tory, Jamshedpur, is organising a 
Symposium on Ferro Alloy Industry in 
India, to be held early in February 1962. 
Details can be obtained from the Direc- 
tor of the Laboratory, Jamshedpur 7, 
India. 


Piping systems for petroleum industry 


After a long period of research and 
discussion the British Standards Insti- 
tution has issued BS. 3351:1961 “Piping 
systems for the petroleum industry”. 
The specification represents, in terms 
of British materials and manufacturing 
processes, standards of design and 
construction basically similar to those 
laid down in the American Standard 
Code for Pressure Piping (ASA B31.3, 
“Petroleum refinery piping”). 

Basic requirements and recommended 
practice are given for the selection 
and application of materials and com- 
ponents of piping systems in the 
petroleum and petrochemical industries; 
the design, fabrication, installation and 
testing of these systems are also covered. 
Among systems not covered by the 
standard are those in steam and power 
plants, for the design and construction 
of which British Standards or other 
accepted national codes are available. 

Copies of the standard may be 
obtained from the British Standards 
Institution, Sales Branch, 2 Park Street, 
London W.1, price 30s. each. (Postage 
is charged extra to non-subscribers.) 


Welding of steel pipelines 

Lack of uniformity in welds employed 
for joints in pipelines and pipe as- 
semblies carrying fluids and for secur- 
ing flanges and attachments, such as 
anchor plates, to pipes can result from 
variations in practice as regards weld 
preparation, welding and _heat-treat- 
ment procedures, the training and test- 
ing of welders and the inspection and 
testing of production welds. Good 
practice in all these respects having now 
been established, a series of British 
Standards is being issued to cover the 
production of welds in pipelines and 
pipe assemblies of any material used 
sufficiently widely to warrant its inclu- 
sion. 


BS. 2971:1961 “Class II metal-arc 
welding of steel pipelines and pipe 
assemblies for carrying fluids” is the 
fourth standard in this series. It covers 
shop and site metal-arc welding of 
joints in carbon steel pipelines and pipe 
assemblies up to and including 24 in. 
dia. carrying fluids suitable for Class II 
conditions, and also the standards of 
workmanship of which the welders 
shall be capable and the standards to 
which the welds shall conform. It deals 
with butt welding, with or without 


a backing ring, where the welding is 
done from the outside only, and the 
welding of gusseted bends, sleeve 
joints, branches and flanges. 

Copies of the Standard may be 
obtained from the British Standards 
Institution, Sales Branch, 2 Park Street, 
London W.1, price 12s. 6d. each. 
(Postage is charged extra to non- 
subscribers.) 


STUB ENDS 


pThe Aluminium Development Asso- 
ciation has issued a new edition of its 
“Directory of Members with Index of 
Products”. Copies can be obtained from 
the Association free of charge to bona 
fide enquirers. 


p Associated Electrical Industries Ltd. 
has recently issued a new publication 
“The AEI Arc Welding Guide’’, which 
replaces previous Metrovick Electrode 
Guides. Copies of publication 1891-71 
can be obtained free on request from 
any AEI District Office. 


p> The address of the Manchester office 
and warehouse of Norton Grinding 
Wheel Co. Ltd. is now Wharf Road, 
Sale, Cheshire (Tel. Sale 8285/7). 


p> Among the exhibitors at the National 
Maintenance Exhibition, at Central Hall 
Westminster, on 13th-16th November, 
will be Eutectic Welding Alloys Co. Ltd., 
who will demonstrate maintenance and 
production welding equipment, and 
Metco Ltd., who will give working 
demonstrations of hardfacing. 


p> Optoshield Ltd. have transferred their 
production and development depart- 
ments to Watford. The Sales Dept. and 
Head Office remain at 146, Clerkenwell 
Road, London, E.C.1. 


p Dowty Rotol Ltd. have recently de- 
veloped a new hydraulically powered 
vibrator for fatigue and vibration test- 
ing. Electrical signals are hydraulically 
amplified to operate the vibrator. This 
means that tape-recorded stress fluctua- 
tions in structures operating under ser- 
vice conditions can be reproduced for 
test purposes. 


pA recently published booklet “Booth 
Welding” illustrates 50 years of progress 
in the fabrication of welded steel tanks, 
pressure vessels and other products by 
John Booth & Sons (Bolton) Ltd. 


p The Visco Engineering Co. Ltd. has 
changed its name to VISCO Ltd. 


p The Welding Research Council of the 
Engineering Foundation, New York, 
has now moved to its new premises in 
the United Engineering Centre, 345 
East 47th Street, New York 17, New 
York, U.S.A. 


DIARY 


30th Oct.-3rd Nov.—Symposium on 
Welding in Shipbuilding (Memorial 


Building, Institute of Marine Engin- 
eers) 

1st Nov.—Institute of Welding—Annua 
Dinner (Connaught Rooms, St. Queen 
Street, 7.15 p.m.) 
South London (Medway)—*Jermina 
harbours and trans-continental pipe 
line’ by N. W. Grey (Fred. Braby & 
Co. Ltd., Crayford, 7.30 p.m.) 
Manchester—‘‘ Metallurgical aspect 
of the welding of heavy sections 
(Joint meeting with Met. Society: 
(Manchester Literary and Philosoph 
ical Society, George St., Manchester 
7.15 p.m.) 

2nd Nov.—Institute of Welding—Presi 
dential Address by H. West (Mem- 
orial Building, Institute of Marine 
Engineers, 6.0 p.m.) 
N.E. Tyneside—‘Computer contro/ 
flame cutting in shipbuilding” by T. 
Mclver. 

6th Nov.—South Western—**A practicai 
approach to the problem of distortion” 
by J. S. Waring (Radiant House, 
Bristol, 7.15 p.m.) 

8th Nov.—N.E. Tees-side—Open dis- 
cussion (Cleveland Scientific and 
Technical Institution, Middlesbrough, 
6.15 p.m.) 
South London—*‘Fatigue and its effect 
on welding design” by T. R. Gurney 
(54 Princess Gate, London, S.W.7, 
7.30 p.m.) 

13th Nov.—Sheffield—**7ransportation 
pipelines” by R. J. Wright (Mont- 
gomery Hall, Surrey St., Sheffield, 
7.15 p.m.) 

13th-18th Nov.—International Factory 
Equipment Exhibition and Confer- 
ence (Earl’s Court) 

14th Nov.—Leeds—‘*‘The distortion prob- 
lems in oxygen cutting” by K. D. S. 
Semper (Hotel Metropole, 7.30 p.m.) 

15th Nov.—Wolverhampton— “Leaves 
from my notebook” by R. G. Burt 
(Wulfrunians Club, 7.30 p.m.) 
West of Scotland—‘*Who teaches the 
science of welding?” by Dr. J. Orr 
(Joint meeting with Inst. Structural 
Engineers) (Inst. Eng. and Ship. in 
Scotland, Glasgow, 7.0 p.m.) 
East of Scotland—Film Evening (25 
Charlotte Sq., Edinburgh) 
Liverpool—**Metallography of weld 
structures’ by Dr. S. J. Kennett 
(Central Libraries, William Brown 
St., Liverpool, 7.30 p.m.) 

16th Nov.—Southern Counties—** Weld- 
ing in marine engineering” by J. A. 
Dorrat (Portsmouth) 

20th Nov.— Institution of Structural Eng- 
ineers—‘‘Economics of framed struc- 
tures” by L. R. Creasy (New Civil 
Engineering Building, Liverpool Uni- 
versity, Brownlow Hill, 6.30 p.m.) 

22nd Nov.—North London—*Quality 
and quantity applied to aero-engine 
welding” by E. T. Hall (54 Princes 
Gate, London, S.W.7, 7.0 p.m.) 

28th Nov.—Leeds—‘Chemical plants” 
by F. S. Dickinson (Hotel Metropole, 
7.30 p.m.) 
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r 
This valuable new publication details the basic | 

design principles for chemical plant fabricated in | To: Henry Wiggin & Co Ltd, Wiggin Street, Birmingham 16 
high-nickel alloys. Included in the text are typical | 

worked design calculations, property data and | 

maximum allowable working stresses for Monel,* | 

AT’ Nickel, Low-carbon ‘AT’ Nickel, and ; 

Inconel,* the derivation of design stresses, re- 
commended design practice, and fabrication apoourmantt On cart 

techniques. The book is written by John L. Ryder, | v Pe ee nat 
Design Engineer, John Thompson (Dudley) Lid., | 


Please send me a free copy of ‘The Design of Chemical Plant in 
Wiggin High-Nickel Alloys’. 


NAME 








and all information presented is the result of con- ae a ee a 7 
siderable practical experience. Send for your copy 
10W. 7 : ae ee 
*TRADE MARKS Bw/C26/11 





6a HENRY WIGGIN & COMPANY LIMITED + WIGGIN STREET * BIRMINGHAM 16 


TGA C284 





29 





YOVEMBER, 1961 





From refrigerators to furnaces, sheet metal 
assemblies are faster with GKN self-locating 
Weldnuts. They make impossible positions for 
fastenings possible, because once fixed—by 
projection welding, with standard equipment— 
they need no holding: they cannot turn with the 
bolt: All your hole-in-corner problems become 
as simple as pie with Weldnuts; And they save 
materials and labour—and assembly time. It will 


pay you to find out more about them. 


GUEST KEEN & NETTLEFOLDS (MIDLANDS) LTD., BOLT & NUT DIVISION, ATLAS WORK‘ 
DARLASTON, S. STAFFS, TELEPHONE: JAMES BRIDGE 3100 (10 LINES) TELEX: 33-225 


G « Weldnuts are Precision made under the strictest Quality Control. 


p/wn/> 


BRITISH WELDING JOURNA! 























Welded Steelwork 
for United Kingdom i 
Atomic Energy Steel chimney for Windscale Works of 


U.K.A.E. Authority. Length: 105‘0” Diameter: 
, 7'0” splaying out to 10’6” in lower 24’0” 
Authority JOHN BOOTH & SONS (BOLTON) LTD. 
Hulton Steelworks, BOLTON. 
Telephone: BOLTON 61191 
London Office: 26 Victoria St., Westminster, S.W.1 Tel: ABBey 7162. 


















MAPEL MEN are skilled in the supervision and 
inspection o! welding, using either visual, X-ray, 
gamma-ray, ultrasonic or other non-destructive 
methods. 

Inspection of steel structures, tanks, pressure 
vessels, pipelines, and welded or fabricated 
equipment, can be undertaken to any specifica- 
tion. 

MAPEL undertakes evaluation of electrodes, 
formulation of procedure tests, and carries out 
stress relieving investigations and other prob- 
lems in this field. 

An addition to the MAPEL range of non- 
destructive testing services is the closed circuit 
television service for examining structures 
below water, particularly in cases where it is 
impossible for a diver to carry out a visual 
examination due to water turbidness. 








Arm WATCHFUL EVE OF MAPEL WELDING INSPECTION SERVICE CAN PROTECT YOU 


7 Contact ! p 


Woolmer Green, Knebworth, Herts. Tel: Knebworth 3083. Grams: Metaldure, Knebworth, 





World Wide Service 


METAL AND PIPELINE ENDURANCE LTD. 
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Wire 
for the 
welding 

industry 





WIRE FOR ELECTRODES 


Richard Johnson & Nephew Ltd Manchester 11 
Tel.: EAST 1431 


EE 
You never see a prima donna 





pair of Bennett’s gloves 


A wide range of qua ‘ity 
industrial Gloves, M:'ts, 
Aprons, and Clothin« in 
leather, rubber, asbk :s- 
tos, plastic and various 
fabric materials «re 
made and stocked (or 
all trades and pro- 
cesses. Technical 
Representatives «re 
available for consu ta- 
tion in all parts of ‘he 
British Isles at short 
notice. 


— but operatives 
sing their praises! 


BENNETT’S 


INDUSTRIAL GLOVES 


H. G. BENNETT & CO. (Gloves) LTD. 

Industrial Glove Specialists 

LIVERPOOL 23 - GREat Crosby 3996/7 
evs-17 (C) 

















SCHOOL OF 
WELDING TECHNOLOGY 


A new evening course 


DESIGN 
FOR WELDING 


in Steel Construction 


BIRMINGHAM 
NOVEMBER-FEBRUARY 


Apply to 
54 PRINCES GATE, LONDON S.W.7 


Fe 














BRITISH WELDING JOURN?¢ | 





HO! 
0-12 
actus 
price 














For 











who have been on the job for 
nearly 20 years. Good deliveries. 


SPOT WELDING 
ELECTRODES 


contact 
WYLDE GREEN 
Engineering Co. Ltd. 


146 BIRMINGHAM ROAD 
SUTTON COLDFIELD 


Phone: SUT 1681 P.B.X. 


First-class work. Reasonable 
prices. 





Agents for ‘“‘“MALLORY”’ 
Resistance Weld. Products 








“ENGLISH ELECTRIC 


offer from 


STOCK 


LWAD 300, 450 & 600 sets 
giving either AC or DC output, 
LWD 350 DC rectifier sets, 

LWC 200, 300, 450 & 600 

single-operator sets, 

LWEC 2/300 double-operator sets, 
and a full range of 
MULTI-OPERATOR EQUIPMENT 
In-built power factor correction 
capacitors available. 


Hire of equipment can also be arranged. 


The ENGLISH ELECTRIC Company Ltp. 
Welding Equipment Department 
East Lancashire Road, Liverpool, 10 
Telephone: AINtree 364 


Improve the standard of welding 


‘*JACWiILS”” 
BACKLIGHT PROTECTOR 
(REG, DESIGN AND PAT. APPL. FOR) 
Backlight is present in workshops and 
factories from electric lights, windows, 
reflections, sunlight, side flashes from other 
welders’ arcs, etc. By excluding backlight a 
clearer view of the work is obtained. 
Clearer Vision — Less Eye Strain — Better 
Welding 
Strongly recc ded for site welding 
Prevents condensation on glasses 
For helmets and handshields having 
34 x 44 in. glasses 
Price Five Shillings each, post free, U.K. 
Reductions made for quantitites 





A. J. WILLS 
17 WARREN RD., BANSTEAD, SURREY 
(Burgh Heath 6211) 











\d 


nA WELDERS FOR HIRE 


MOORE’S PLANT LTD. 
105-129, MARKFIELD ROAD TOTTENHAM LONDON N.15 


RING TOTTENHAM 040! 
dm M0107// 





HOLDEN AND HUNT STATIMETER 
0-1200 LBS for sale. Only way of checking 
actual electrode pressure £15 (40% list 
price). Tel. Milford, Staffs 145. 








Three PANTAK, INDUSTRIAL 
X-RAY UNITS for sale. Rating 
175Kv, complete with Two 175Kv 
tubes and Two 150Kv tubes. For 
further particulars write Box 263 








“BUFFALO FORGE” SIZE 3 HOR- 


IZONTAL 


SECTION ROLLING 


MACHINE for sale. Capacity Angles, leg 


out 


Also 


flat 


drive 


359 


Wa 


Sci 
pur 
vac 
Re 
de: 
kn 
pre 
sali 


Ro 


NO 


2” x2” x}". Minimum diameter 20”. 
bends angles leg in, flats on edge or on 

rounds, squares. Arranged motor 
220/440/3/50. F. J. Edwards Limited, 
Euston Road, London N.W.1, or 41 
‘rt Street, Birmingham 3. 


cy Electric Welding Machines Ltd., 
ling a policy of expansion, have 
vcies for Outside Technical Sales 
esentatives and Technical Correspon- 
. Applicants must have comprehensive 
ledge of the Resistance Welding 
ss. Apply with full particulars and 
y required, in confidence, to Falmouth 
, Slough. 
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Welding Plant Hire and Sale 
PARK-STANTON & CO. LTD. 


72 Leadenhall Street, 

London E.C.3. AVEnue 1416 
Brand new cut-price welding cable 
from £17.0.0 per 100 yds. 











BRAND NEW OIL-IMMERSED 
OXFORD ARC WELDING 
TRANSFORMERS WILL GIVE 
YOU A LIFETIME OF SERVICE 


Fully aranteed sets—110 amp £27, 180 

amp , 250 amp £75, 300 amp £89 10s., 

350 amp £105, 450 amp £138 10s. etc. 
two-operator 180, 250, 300 and 350 

amp models ex stock from £110. Will 
_ parallel for double output. 

Combined welding and brazing sets also 

available at £29 10s. 
Send for leaflets and booklet from Britain’s 
largest electric welding plant stockist. 


C. G. & W. YOUNG, 
1SA COLNE ROAD, TWICKENHAM, 
POP. 5168 








Engine driven DC 


WELDING 

EQUIPMENT | orrmceand 
4 oe 

IMMEDIATE J ostvery ane 
HIRE 


collection arranged. 
WELDING RODS LTD. 
Brightside House, Sheffield 9 
Telephone: 42494 Grams: ““Weldrod”’ 








SITUATIONS 


VACANT 


Welding 
Technologist 


RESEARCH AND DEVELOPMENT 


The Central Electricity Generating Board 


A Highly Progressive Industry 


... has a vacancy for a Welding Technologist in the Research and Development 
Department at Regional Headquarters in Didsbury, South Manchester. 

The successful applicant will be required to lead a team being created to 
undertake a programme of work on electric welding designed to advance the 
use of new techniques in the Board’s operation. He must utilize a knowledge 
of welding methods and equipment in devising and prosecuting programmes 
of work to assess the merits of novel methods in the production of metallurgi- 


cally acceptable welds. 


The possession of an appropriate degree and A.I.M. or A.M.I.E.E. together with 
experience on welding techniques and equipment in industry is desirable. 


SALARY WITHIN THE RANGE £1,415 - £1,720 


Please apply, giving full details, to the Personnel Officer, Central Electricity 
Generating Board, 825 Wilmslow Road, Manchester 20, quoting reference 


number E.199/460/W. 
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Perforated 
Metals for 
Industry A 


J. & F. Pool Perforated Metals 
are today giving splendid service 
in over 40 great industries. It is 


oL LTtDwD 


Hayle, Cornwall, Hayle 3213 


cru/spilia 








first-class equipment at the right price! 





COOPER 
ELECTROHEAT 
OFFERS YOUe 


@ A contract service in the preheat, or stress re ief, 
of reactor pressure vessels, heat exchangers, cass 
1 vessels, piping, steam drums, headers, de vn- 
comers, submarine shells, ship’s high tensile lifcing 
derricks, ducting, ship’s stern frames, vessel re- 
pairs, nozzles, branches and all complex fabrications. 


@ Low cost electric furnaces, of Cooper Top Hat type, 
to stress relieve your fabrications. 


@ Large, panel type, electric furnaces to cope with 
stress relief of nuclear heat exchangers and similar 


sized pressure vessels. 


@ Easy-fit electrical elements for all industrial appli- 


cations. 


16 pp. handbook on request. 


COOPER ELECTROHEAT LIMITED 


164 LORD STREET SOUTHPORT LANCS _— Southport 2062 














SUPPLIES Limited 


CoOuRTBURN 










NEW “AIR COOLED” 
ELECTRODE HOLDER 


for continuous welding 


Specially designed and developed to combat heat 
generated during welding operations at high duty cycles, 
the Courtburn “Special” 600 amp electrode holder is 
the most advanced holder of its type available. 
The heat generated by the current passing through the 
cable is dissipated by an insulating barrier of air 
circulating round it. This enables the operator to 
maintain continuous welding without suffering dis- 
comfort. 
The “Special” provides greater efficiency plus economy. 
Price £3 15s. Od. 
Tried and tested Courtburn standard models are also 
available from stock as follows :— 
CS 400 and CT 400—400 amp capacity £2 7s. 6d. each. 
CS 600 and CT 600—600 amp capacity £2 15s. Od. each. 
Ask for free trial. It pays to buy Courtburn Quality. 
COURTBURN SUPPLIES LTD 
Stanley Works, Kempston Hardwick, Bedford 
Tel.: KEMpston 2341 
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PHILIPS 
= PHILIPS 


O,WELDING 
CAN GUI 
Col bY 
90% 


Study these advantages 


minvestigations show that in 
many applications Philips CO, 
Welding can cut costs by up to 
50%. 

@ Higher deposition rates. 


w Continuous wire feed-no stop- 
ping to change electrodes. 


@ No de-scaling on multiple runs. 
mw Reduced operator fatigue. 

w@ Light, well-balanced gun. 

w Equally efficient on production 
runs or single maintenance jobs. 


Sole distributors in U.K. 


RESEARCH & CONTROL 
INSTRUMENTS LIMITED 


207 KING'S CROSS ROAD LONDON WC1 
TELEPHONE: TERMINUS 2877 





xtra-heavy duty parts are fabricated with Philips CO2 Welding Equipment 
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